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Field  studies  were  conducted  during  the  Spring  and  Fall  seasons  in 
1982  and  1985  on  a limed,  Mulat  fine  sand  (Typic  Ochraquults)  to 
evaluate  the  effect  of  organic  and  inorganic  amendments  on  growth  of 
tomato  (Lycopersicum  esculemtum  Mill)  and  cucumber  (Cucumis  sativus  L.) 
in  sequence  on  full-bed  plastic  mulch.  In  the  1982  tomato  experiment, 
sewage  sludge  (SS),  poultry  manure  (PM),  Florida  peat  (FP),  anaerobi- 
cally digested  cow  manure  (CM)  applied  at  22.4  Mg.te"''  and  fertilizer 
only  (FO)  received  14OO  or  2800  kg.ha"''  of  6-3. 5-6. 6 (NPK)  fertilizer 
containing  ^^u.^gpieted  ammonium  sulfate.  In  1983,  SS  and  PM  at  11.2 
and  22.4  Mg. ha  , bentonite  clay  (BC)  at  1.12  and  2.24  Mg.ha“^  and 
fertilizer  at  0,  I4OO,  2800  and  4200  kg.ha"”*  were  combined  in  a semi- 
complete  factorial.  After  harvesting  of  the  tomato  crops,  no  additional 
fertilizer  was  applied  for  cucumber  except  that  in  1983  one-half  of  each 
plot  received  liquid  NK  fertilization. 

Tomato  fruit  yields  in  both  years  were  highest  where  PM  and  SS  were 
used  in  combination  with  fertilizer.  The  first  year,  average 
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percentages  of  N derived  from  fertilizer  were  7,  10,  21,  25,  and  35  in 
leaf  and  9,  11,  23,  50,  and  33  in  fruit  where  soil  amendments  were  SS, 
PM,  FP,  CM,  and  FO,  respectively.  Loss  of  fertilizer  was  attributed  to 
leaching  early  in  the  1982  season.  Residual  soil  fertility  was 
indicated  by  highest  cucumber  yields  where  PM  and  S3  were  applied  in 
1982;  corresponding  residual  effect  on  cucumber  yield  was  lower  in 
1983*  Additional  NK  fertilizer  had  little  effect  on  cucumber  yield. 
Nitrate  production,  CO2-C  evolution,  pH,  EC,  OM,  and  CEC  were  highest 
for  soil  amended  with  PM  and  S3. 

Cadmium,  Zn,  and  Cu  increased  in  tomato  leaf  and  fruit  tissue  when 
33  was  utilized.  Cadmium  level  in  33  in  1983  was  55  mg.kg"^.  Tomato 
leaf  and  fruit  tissue  averaged  4.5  rng.kg""'  and  25.6  Pg.kg""' , 
respectively,  showing  the  exclusion  of  Cd  from  the  fruit.  Organic 
amendments  may  need  supplemental  fertilizer  to  assure  a balanced  supply 
of  nutrients  for  tomato  and  subsequent  cucumber  requirements. 
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INTRODUCTION 


The  production  and  marketing  of  vegetables  in  Florida  has  become  a 
major  segment  of  the  state's  economy.  In  the  1980-81  season,  vegetables 
were  grown  on  more  than  161,000  ha,  and  had  a farm  value  exceeding  862 
million  dollars.  Florida  has  produced  the  major  supply  in  the  U.S.A.  of 
fresh  market  tomatoes  during  the  late  fall,  winter,  and  early  spring 
marketing  seasons  (IFAS,  Vegetable  Crops  Committee  Report,  1983). 
Tomatoes  for  fresh  market  were  generally  produced  on  sandy  soils  with 
high  rates  of  N,  P,  and  K fertilizer,  and  other  intensive  production 
practices  (Everett,  1976;  Persuad  et  al.,  1976;  Maynard  and  Locascio, 
1982). 

In  1980,  Florida  produced  127 >000  tons  of  cucumber  on  8,788 
hectares,  for  a total  value  of  45.7  million  dollars.  Cucumber  slicers 
were  grown  on  5 >872  ha  and  another  2 >91 6 ha  were  devoted  to  production 
of  pickling  cucumbers  (IFAS>  Vegetable  Crops  Committee  Report,  1983). 

Most  of  the  cucumber  production  was  open-bed  culture  although  some 
growers  used  full-bed  plastic  mulch.  Where  mulch  culture  was  used  for  a 
first  crop  such  as  tomato,  cucumber  might  follow  for  utilization  of 
residual  fertilizer. 

As  petroleum-based  products  have  increased  in  cost,  there  probably 
could  be  an  increase  in  utilization  of  multiple-cropping  systems,  to 
share  production  cost.  Crop  residues,  animal  manure,  municipal  sewage 
sludge  and,  more  recently,  food  processing  wastes,  might  be  used  to 
improve  efficiency  of  fertilizer  efficiency  by  vegetable  crops.  It 
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would  be  unlikely  that  organic  waste  could  be  used  to  supply  the  total 
nutrient  requirements  of  crops,  because  of  the  large  amounts  that  would 
have  to  be  applied.  The  greatest  potential  value  of  these  materials  for 
vegetable  production  may  be  realized  as  they  are  used  in  combination 
with  inorganic  fertilizer.  In  addition  to  providing  partial  fulfillment 
of  the  crop  nutrient  requirements,  the  organic  wastes  are  valuable 
organic  resources  for  improving  the  tilth  and  productivity  of  the  soil. 

The  objectives  of  this  research  were  1)  to  evaluate  the  response 

of  tomato  productivity  to  amendments  and  fertilizer  levels;  2)  to  use 
15 

N-depleted  fertilizer  to  evaluate  the  distribution  of  fertilizer  N in 
tomato-cucumber  cropping  system  as  affected  by  amendments  and  N 
levels;  3)  to  evaluate  the  response  of  cucumber  productivity  to 
residual  soil  fertility  following  the  tomato  crop;  4)  to  evaluate  soil 
factors  affecting  nutrient  uptake  and  distribution  in  tomato  and 
cucumber  crops  as  influenced  by  amendments  and  fertilizer  levels;  and 
5)  to  determine  the  concentration  of  metals  in  edible  and  diagnostic 
tissue  of  tomato  and  cucumber  plants  grown  on  soil  amended  with  sewage 
sludge,  poultry  manure,  and  clay. 


LITERATURE  REVIEW 


Soil  Amendments  and  Crop  Response 

Organic  materials,  including  green  manures,  have  been 
preferentially  used,  especially  in  developing  countries.  About  I960, 
these  countries  followed  the  lead  of  more  advanced  countries  and  used 
mineral  fertilizer  which  has  gained  in  popularity.  As  technical 
progress  was  made,  mineral  fertilizer  became  both  more  easily  available 
and  cheaper.  The  fertilizer  materials  and  mixed  fertilizers  were 
relatively  easy  to  transport  and  store.  The  use  of  inorganic  fertilizer 
produced  more  effective  and  quicker  results  for  the  various  crops  than 
did  organic  materials. 

Due  to  the  world  energy  crisis  and  increased  oil  prices,  inorganic 
fertilizers  became  less  available  and  considerably  more  expensive  so 
that  it  was  important  for  fertilizer  resources  to  be  used  efficiently. 
Use  of  inorganic  or  organic  fertilizers  are  complementary,  but  much  more 
use  may  be  made  of  organic  resources  than  presently  is  done. 

Today,  the  consensus  is  that  proper  management  of  organic  wastes 
such  as  crop  residues,  animal  manures,  and  sewage  sludges,  as  soil 
amendment,  are  essential  for  protecting  agricultural  soils  from 
depletion  of  soil  organic  matter.  Such  loss  from  the  soil  has  led  to 
soil  erosion  and  nutrient  losses  through  runoff.  Efficient  and 
effective  use  of  these  organic  materials  also  is  known  to  be  one  of  the 
best  means  available  for  maintaining  soil  productivity  by  recycling 
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plant  nutrients  and  by  improving  soil  physical  properties  (Allison, 
1973a). 

Sewage  Sludge 

Sewage  sludge  is  a by-product  of  the  treatment  of  domestic  and 
municipal  waste  water.  The  solids  content  of  sludges  varies  and  tends 
to  increase  with  the  degree  of  treatment.  Primary  and  secondary  sewage 
effluents  contain  bonded  water  and  settle  out  slowly.  These  effluents 
have  solids  content  that  ranges  from  1 to  5 g.kg"'' . Digested  sludges 

characteristically  retain  less  water  and  solids  content  commonly  ranges 
from  60  to  120  g.L“^. 

Because  sewage  sludge  is  formed  on  aggregation  of  impurities 
originating  in  waste  water,  the  chemical  composition  is  influenced  by 
sources  of  water  input.  The  kind  and  extent  of  sewage  treatments,  as 
well  as  the  nature  of  the  sewage  treatment  process,  are  some  of  the 
factors  affecting  sewage  sludge  composition  (Sommers  et  al.,  1976).  The 
chemical  composition  of  sludges  was  evaluated  in  various  studies  (Berrow 
and  Webber,  1972;  Sommers  etal.,  1976;  Sommers,  1977).  They  found 
high  variability  between  many  sources  of  sludge  studied. 

Large  quantities  of  sewage  sludge  are  produced  annually  in  the 
United  States  under  diverse  climatic  conditions.  Disposal  of  sludges  is 
becoming  a serious  problem.  Recycling  of  sewage  sludge  on  agricultural 
lands  seems  to  be  an  important  part  of  waste  disposal  (Carlson  and 
Menzies,  1971,  Parr  and  Willson,  1980;  Cebula,  1982).  Many  greenhouse 
and  field  experiments  point  out  the  significant  value  of  the  sludge  as 
fertilizer  (Milne  and  Graveland,  1972;  Sommers,  1977).  They  report 
that  it  enhances  growth  and  yields  of  crops  (Hinesly  et  al.,  1972; 
Cunningham  et  al.,  1975;  Kelling  et  al.,  1977a;  Sheaffer  et  al.. 
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1979).  Other  studies  found  ttet  sludge  treatment  increases  the  nutrient 
contents  in  the  soil  (King  and  Morris,  1972;  Kelling  et  al.,  1977b; 
Sommers  et  al.,  1979;  Magdoff  and  Amadon,  1980).  Sludge  can  improve 
soil  aggregation  (Epstein,  1975),  soil  water  holding  capacity  (Gupta  et 
al.,  1977;  Hall  and  Coker,  1981).  Sludge  also  increased  the  soil 
population  of  bacteria  and  actinomycetes  (Mcllveen  and  Cole,  1977; 
Micthell  et  al.,  1978b)  and  provides  organic  matter  to  the  soil 
(Micthell  etal.,  1977;  Diez,  1982).  However,  application  of  excessive 
amounts  of  sewage  sludge  creates  a potential  for  contamination  of  ground 
water  by  NO^-N  (King  and  Morris,  1974;  Schalscha  et  al.,  1979),  or  may 
increase  soil  soluble  salts  (Epstein  et  al.,  1976;  Guidi  et  al., 

1981).  Other  workers  have  studied  the  effects  of  sludge  amendments  on 
the  increase  in  soil  concentration  and  plant  uptake  of  heavy  metals 
(Page  et  al.,  1972;  Baker  et  al.,  1975;  Jones  et  al.,  1975;  Bingham 
et  al.,  1979;  Valdares  et  al.,  1983). 

Data  about  metal  uptake  by  vegetable  crops  grown  in  sludge- 
amendment  soils  are  limited.  Dowdy  and  Larson  (1975)  investigated  the 
effect  of  sludge  treatments  on  metal  accumulation  in  the  edible  tissue 
of  seven  vegetable  crops.  They  reported  small  but  significant  increase 
in  the  Zn  and  Cu  content  of  edible  fruit  tubers  and  root  tissues, 
whereas  Cu  and  Pb  levels  remained  unchanged,  although  metal  accumulation 
was  much  greater  in  the  leaf  tissue.  Giordono  et  al.  (1975)  also  found 
higher  metal  levels  in  vegetative  tissue  than  storage  tissue  for 
different  vegetable  crops.  They  point  out  that  bush  beans  (Phaseolus 
— ^garis)  were  more  sensitive  to  excessive  soil  Zn  concentration,  and 
moderately  sensitive  to  soil  Cd  levels.  They  also  found  that  high 
levels  of  Cd  did  not  accumulate  in  the  seed  tissue.  Micthell  et  al. 
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(l978a)  reported  that  Ni  was  more  phytotoxic  to  lettuce  (Lactuca  sativa 
L.  var.  longifolia)  and  wheat  (Triticum  aestivum  L.)  grown  in  acid  soils 
than  in  calcareous  soils.  They  noted  that  Cd,  Cu  and  Zn  toxicity 
depended  on  the  plant  species  and  range  of  metal  concentration  in  the 
sludge.  Zwarich  and  Mills  (1982)  observed  that  when  lettuce,  carrot 
(Paucus  carota  L.),  and  pea  (Pisum  sativijm  L.)  crops  were  grown  on 
sludge-amendment  soils,  small  increases  were  observed  in  the  Cu 
concentration  and  there  was  a considerable  increase  in  Zn  and  Cd.  Wong 
et  al.  (1983)  pointed  out  that  the  content  of  Zn  and  Cu  was  highest  in 
the  root  and  shoot  portions  of  plants  grown  on  soil  receiving  activated 
sludge  and  compost  treatment.  They  noted  that  Zn  content  of  the  aerial 
parts  was  also  generally  higher  than  that  in  the  control.  A higher 
amount  of  heavy  metals  was  accumulated  in  the  root  portion  than  in  the 
shoot  portion  of  Brassica  species. 

Other  field  experiments  have  shown  that,  if  sludges  or  sludge 
composts  are  low  in  metals,  they  can  be  used  safely  in  the  production  of 
edible  crops.  Chaney  and  Giordano  (1977)  suggested  that  the  maximum 
metal  concentration  in  sludges  should  not  exceed  2500,  1000,  200  and  25 
mg. kg  of  Zn,  Cu,  Ni  and  Cd,  respectively. 

Although  the  heavy  metal  content  of  sludge  determines  the  total 
sludge  quantity  that  can  be  safely  applied  over  the  lifetime  of  a site, 
it  is  generally  agreed  that  the  N content  dictates  the  annual  rate  of 
sludge  application.  Originally,  most  of  the  N in  both  soil  and  organic 
waste  materials  exists  in  organic  form  (Ryan  et  al.,  1973;  Epstein  et 
al.,  1978;  Stark  and  Clapp,  1980),  and  must  be  mineralized  before  it 
becomes  available  to  plants.  Thus,  the  rate  of  mineralization  is  the 
key  to  the  rate  of  application  of  any  given  organic  material. 
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Mann  and  Barnes  (1956)  observed  mineralization  of  380  g.kg“^  of 
organic  C from  digested  sludge  applied  at  an  annual  rate  of  18.8  Mg/ha 
over  a period  of  9 years.  Premi  and  Cornfield  (1969)  found  that,  at  low 
sludge  application  rates  (II4  kg. ha"''  of  NH|-N  from  sludge),  rapid 
mineralization  occurred.  They  also  observed  that  with  higher  sludge 
application  rates  there  was  a lag  phase  before  nitrification  began.  In 
their  study,  mineralization  of  the  soil  organic  N was  stimulated  at  the 
lower  application  rates  compared  to  that  at  higher  sludge  rates.  The 
same  authors  (1971 ) found  that  230  to  42O  g.kg"''  of  the  organic  N had 
mineralized  after  6 weeks  of  incubation.  Stanford  and  Smith  (1972) 
pointed  out  that  the  rate  of  mineral  N production  in  most  soils  also 
appears  to  depend  on  the  amount  of  potentially  mineralizable  organic 
nitrogen  in  the  soil.  Amending  a soil  with  sewage  sludge  may  increase 
the  amount  of  this  N enough  to  change  the  rate  of  ammonifi cation  and, 
subsequently,  the  rate  of  net  N mineralization  in  that  soil. 

King  (1973)  found  that  surface— applied  sludge  had  mineralized  220 
g.kg  of  the  applied  N in  18  weeks  whereas  incorporated  sludge 
mineralized  380  g.kg  ''  of  N in  the  same  time.  However,  sludge  applied 
on  the  soil  surface  resulted  in  36O  g.kg"''  of  N loss,  but  incorporation 
resulted  in  220  g.kg  ''  of  N loss  in  18  weeks.  Ryan  et  al.  (1973)  showed 
that  400  to  480  g.kg"''  of  organic  N in  anaerobically  digested  sludge  had 
mineralized  after  16  weeks  of  incubation.  Pratt  et  al.  (1973) 
suggested,  for  a given  application  of  sludge  to  agricultural  land  in 
California,  that  350,  100,  60,  and  50  g.kg"''  of  the  residual  organic  N 
are  mineralized  for  the  first,  second,  third,  and  fourth  year, 
respectively,  following  application.  However,  Keeney  et  al.  (1975) 
cited  a decay  series  of  150  to  200,  60,  40,  and  20  g.kg"''  during  a 
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comparative  time  interval  for  Wisconsin  conditions.  When  the  concept  of 
decay  series  was  used,  Pratt  et  al.  (1973)  and  Keeney  et  al.  (1975) 
estimated  that  the  available  N for  each  subsequent  season  is  based  on 
the  amount  of  sludge  C and  N calculated  to  remain  after  preceding 
seasons.  They  ignored  the  effect  of  moisture  and  temperature  on 
mineralization.  These  two  factors  can  be  adjusted  for  N mineralization 
rates  and  the  details  were  given  by  Stanford  and  Smith  (1972). 

Magdof  and  Chromec  (1977)  found  that  from  140  to  250  g.kg“"*  of  the 
organic  N from  anaerobically  digested  sludge  in  soil  was  mineralized 
during  I3  weeks,  whereas  360  to  620  g.kg~”^  of  the  organic  N were 
mineralized  from  aerobically  digested  sludge.  Mitchell  et  al.  (1977) 
pointed  out  that  aerobically  digested  sludge  had  a more  diversified 
biota  than  anaerobically  digested  sewage  sludge,  and  decomposed  more 
quickly  once  it  was  added  to  soil.  After  an  incubation  period  of  6 to 
15  weeks,  Epstein  et  al.  (1978)  reported  that  initially  more  active 
waste  materials  became  stabilized  and  their  decay  and  mineralization 
patterns  became  similar  to  those  of  initially  more  stable  materials. 

They  reported  that  410  g N.kg“^  of  a digested  sludge  had  mineralized 
after  I5  weeks  of  incubation.  Their  initial  decay  and  mineralization 
patterns  differed  radically  between  various  kinds  of  wastes,  which  they 
concluded  was  primarily  a function  of  the  stability  of  the  organic 
matter. 

The  concept  of  N mineralization  potential  (Stanford  and  Smith, 

1972)  was  used  by  other  researchers.  Stark  and  Clapp  (1980)  found  a 
high  correlation  between  N mineralized  during  short  periods  and  N 
mineralized  during  long  periods  of  incubation,  during  which  there  was 
plant  N uptake.  They  suggested  that  sludge  application  rates  were  more 
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important  than  the  sludge  type  in  affecting  N mineralization.  Hsieh  et 
al.  (1981a;  1981b)  reported  that  samples  of  activated  sludge  and 

anaerobically  digested  sludge  had  a similar  behavior  when  applied  to 
sandy  soil  and  to  unamended  soil.  From  these  data,  the  authors 
concluded  that  soil  properties  governed  waste  decomposition  rate.  Their 
data  agreed  with  those  of  Stark  and  Clapp  (1980)  in  that  mineralization 
rates  differed  systematically  with  sludge  rate.  Furthermore,  activated 
sludge  mineralized  at  150  to  200  g N.kg-I  faster  than  comparable  rates 
of  anaerobically  digested  sludge.  Such  trends  indicated  that  different 
types  of  sludge  mineralized  at  different  but  characteristic  rates  after 
incorporation  into  the  soil. 

Animal  Manure 

Animal  manures,  such  as  cow  manure  and  poultry  manure,  should  be 
recycled  in  the  soil  rather  than  merely  discarded.  Use  of  these  two 
manure  sources  as  soil  amendments  has  been  an  acceptable  way  of 
disposal.  Until  recent  years,  insufficient  manure  was  a greater  problem 
than  oversupply.  Presently,  concentration  of  dairy  and  poultry  farms 
near  large  population  centers  and  large  numbers  of  beef  animals  in 
feedlots  have  created  local  manure  surpluses. 

Variation  in  composition  of  animal  manures  is  the  result  of 
differences  among  species  of  animals,  kinds  and  amounts  of  feeds 
consumed,  and  the  management  of  manures  following  their  production. 
Nitrogen  content  of  poultry  manure  usually  has  been  reported  to  be 
higher  than  beef  and  dairy  cattle  manure.  Fresh  manure  from  cattle  have 
much  higher  N content  than  aged  poultry  manure.  In  comparison  with 
chemical  fertilizer,  all  are  classified  as  low  grade  fertilizer  as  they 
supply  relatively  small  quantities  of  plant  nutrients 


per  unit  of  dry 
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weight.  A safe  statement  that  might  be  made  about  the  composition  of 
manures  is  that  they  have  low  concentrations  of  N,  P and  K as  compared 
to  commercial  fertilizers.  Manures  also  have  traces  to  small  amounts  of 
most  elements  found  in  soils  and  plants.  These  metal  concentrations  may 
vary  over  considerable  ranges  (Pratt  and  Page,  1976). 

In  common  with  manufactured  fertilizers,  manures  may  have  a high 
salt  content.  When  applied  at  excessive  amounts  in  the  soil,  the 
soluble  salts  content  is  increased  and  may  either  hinder  plant  growth  or 
be  washed  into  ground  waters  (Meek  et  al.,  1974;  Weil  et  al.,  1979). 

Decompositon  begins  soon  after  manure  is  incorporated  into  the 
soil.  With  large  applications  of  manure,  NO^-N  concentration  in  the 
soil  increases  and  may  pollute  surface  or  ground  water.  Various  studies 
have  resulted  from  concern  about  this  aspect  in  soils  receiving  large 
amounts  of  manure  (Olsen  et  al.,  1970;  Kimble  et  al.,  1972;  MacMillan 
et  al.,  1975;  Bielby  et  al.,  1973;  Meek  et  al.,  1974;  Pratt  et  al., 
1976).  When  soils  are  loaded  with  large  amounts  of  manure, 
denitrification  has  been  found  to  be  a key  mechanism  in  preventing  or 
decreasing  nitrate  leaching  beyond  the  root  zone  (Pratt  et  al.,  1976). 

It  was  indicated  that  organic  loading  was  mors  important  than  water 
management  in  creating  02~deficient  systems  necessary  for 
denitrification.  Other  investigations  (Kimble  et  al.,  1972;  Meek  et 
al.,  1974;  Guenzi  et  al.,  1978)  also  reported  denitrification  when 
organic  amendments  were  applied  at  high  rates.  They  noted  that  when 
high  concentration  of  organic  materials  was  leached,  NO^-N  concentration 
in  leachate  also  decreased  at  low  redox  potentials  resulting  from 
intensive  microbial  activity. 
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Studies  in  California  (Meek  et  al.,  1974;  Adriano  et  al.,  1971) 
and  in  Kansas  (Wallingford  et  al.,  1975)  illustrated  that  manure 
application  rates  below  20  Mg. ha""'  probably  produce  fairly  low  NO^-N 
concentration  in  soil  and  low  concentration  of  leached  organic  material 
below  the  amended  soil  layer.  They  state  that  soluble  salts  are  not 

necessarily  a problem  where  manure  is  used  at  recommended  rates  in  humid 
regions. 

Cow  Manure 

Cow  manure  or  farmyard  manure  is  the  most  ancient  of  organic  matter 
source  used  to  conserve  soil  productivity.  In  England,  field 
experiments  on  organic  manures  (Cooke  et  al.,  1958)  compared  fertilizers 
and  manure  in  long-term  experiments.  In  the  first  half  of  the  century, 
relatively  low  fertilizer  rates  were  used.  Today,  as  fertilizer  doses 
have  multiplied,  crop  yields  are  considerably  higher.  Williams  and 
Cooke  (1961)  observed  that  stable  soil  structure  was  attained  after  use 
of  manure,  as  well  as  under  grass  in  clay  soils.  In  the  latter  case, 
they  reported  that  water  permeability  increased  but,  in  sandy  soils,  the 
structure  was  not  stabilized  by  using  manure  in  the  course  of  18 
years.  Widdowson  et  al.  (1982)  discussed  data  from  the  fourth  and  fifth 
years  of  manure  amendments  of  sandy  silt  loam  soil  at  Woburn,  England. 
They  tested  inorganic  fertilizers  with  and  without  manure.  Yields  of 
all  crops  were  largest  where  both  manure  and  inorganic  fertilizer  were 
used  and  the  effect  of  manure  was  not  diminished  by  doubling  fertilizer 
N.  Cooke  (1982)  pointed  out  ttet  about  28^  of  the  agricultural  land  in 
England  and  Wales  received  organic  manures,  at  rates  of  25  Mg.  ha”"*  in 


1980. 
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In  irrigated  dark  chestnut  soil  in  the  Southern  Ukraine,  Kiver  and 
Kiver  (1976)  found  that  application  of  30  to  40  Mg. ha"'’  of  manure  to 
vegetable  crops  and  other  crops  in  long-term  experiments  produced 
increased  yields  and  the  residual  effects  were  noted  for  5 to  6 years. 

In  Manitoba,  Ridley  and  Hedlin  (1968)  reported  that  an  application 
of  barnyard  manure  at  8.9  Mg. ha"'’  to  wheat  maintained  organic  matter  (77 
g.kg  ) at  slightly  higher  levels  than  in  unmanured  plots  (41  g.kg"'’). 

In  studies  conducted  in  Southern  Alberta  on  dark  brown  Chernozen  soil, 
Dubetz  et  al.  (1975)  applied  manure  at  27  Mg. ha"'’  every  4 years  and  66 
kg  N.ha  ^ each  year  for  16  years  to  an  irrigated  crop  rotation.  They 
found  that  the  application  of  manure  increased  the  organic  matter,  and 
the  N,  P and  K of  the  soil.  Maniire  and  manure  plus  N fertilizer 
increased  yields  of  sugar  beet  (Beta  vulgaris  L.)  and  sweet  corn  (Zea 
L.  var.  sacchorata)  but  wheat  yields  were  unaffected.  Mathers  and 
Stewart  (1974)  reported  that  application  of  224  Mg.ha"'’  of  manure  for 
each  of  3 years  increased  organic  matter  in  the  top  I5  cm  of  soil  from 
15  to  30  g.kg  however,  Magdof  and  Amadon  (1980),  in  a long-term 
experiment,  found  that  44  Mg. ha"'’ .year"'’  was  necessary  to  maintain  soil 
organic  matter  levels  during  continuous  corn  (Zea  mays  L.)  crops.  Their 

highest  yields  were  produced  by  combining  44  Mg. ha"'’  of  manure  and  224 

•"*1 

kg  N.ha  . In  a 5-year  study,  also  with  continuous  corn,  conducted  on  a 
Typic  Ochraqualf,  McIntosh  and  Varney  (1973)  applied  manures  at  rates 
from  0 to  66  Mg. ha  They  noted  that  cultivation  and  cropping  of 
unmanured  plots  reduced  organic  N and  C by  87  and  177  Mg. ha"'’  of  soil, 
respectively.  In  their  study,  annual  application  of  44  Mg. ha"'’  of  fresh 
dairy  manure  was  required  to  maintain  the  soil  organic  matter  level. 
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Long  et  al.  (1975)  pointed  out  that  rates  of  dairy  manure  up  to  45 
Mg. ha  may  be  spread  safely  in  the  southeastern  United  States. 

Residual  effect  of  dairy  manure  incorporated  into  two  soils  was 

studied  by  Zane  and  Doss  ( 1980a)  at  rates  of  0 to  270  Mg.ha"”'  after 

three  annual  applications.  Residue  from  high  application  rates 

increased  yield  of  corn,  soil  pH,  soil  concentration  of  K,  Mg,  P,  and 

the  cation  exchange  capacity  of  their  soils.  In  another  experiment,  the 

same  authors  (I980b)  applied  dairy  manure  on  the  soil  surface  at  solid 

rates  of  45  and  90  Mg.ha“"' .year""'  and  as  liquid  at  rates  of  45,  90,  and 
"”1  ""I 

135  Mg. ha  .year  during  3 years.  Additions  of  manures  increased  K, 

Mg,  and  pH  in  the  subsoil,  but  downward  movement  of  P was  less  than  for 
other  elements.  Projection  of  the  loss  of  organic  N in  the  surface  soil 
indicated  that  residual  N would  be  negligible  45  to  55  months  after 
applications  ceased.  Burl  et  al.  (1982)  observed  that  manure 
application  to  field  plots  for  9 years  resulted  in  large  losses  of  N, 
increased  K levels,  increased  P availability,  and  also  increased  water 
intakes  during  the  growing  season.  They  observed  that  N mineralization 
rate  was  about  50  g N.kg""'  after  the  first  year. 

Uptake  of  nutrients  by  crops  can  be  increased  when  manures  are 
used.  Williams  and  Greig  (1972)  found  that  mineral  fertilizers 
increased  spinach  (Spinacia  oleracea  L.)  yield  and  concentration  of  N in 
the  leaf  tissue  more  than  did  organic  fertilizers  when  nutrients  were 
applied  to  make  mineral  and  organic  rates  identical.  They  observed  that 
organic  fertilizer  resulted  in  significantly  higher  P,  Fe,  and  Na 
concentrations  in  the  plant  tissue  than  mineral  fertilizer.  However, 
Munro  et  al.  (1978)  reported  that  manure  application  had  almost  no 
effect  on  N concentration,  and  only  small  effect  on  P and  K tissue  of 
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broccoli  (Brassica  oleracea  var.  italica)  and  Brussels  sprouts  (Brassica 
oleracea  var . gemmifera ) . 

Poultry  manure 

A considerable  portion  of  the  total  N in  poultry  manure  is  uric 
acid  and  during  its  decomposition  in  soil  substantial  amounts  of  NH^  are 
released.  This  free  NH^  could  have  potential  toxicity  to  plants  (Siegel 
et  al.,  1975).  It  was  observed  that  an  incubation  period  should  be 
allowed  after  application  and  before  planting  to  enable  nitrification  of 
the  NH|-N  to  occur  and  plant  uptake  of  NO3-N  without  risk  of  NH^ 
toxicity  (Eno,  1962). 

Although  the  total  amount  of  nutrients  present  in  poultry  manure  is 
not  immediately  available,  application  at  rates  of  several  Mg.ha"^  may 
supply  sufficient  N and  P for  most  arable  crops.  However,  if  poultry 
manure  is  used,  extra  K may  be  necessary  for  potato  (Solanum  tuberosum 
L.),  beet  and  other  root  crops  (Cooke,  1982). 

Field  experiments  conducted  by  Singh  et  al.  (1970)  demonstrated 
that  yield  and  other  growth  features  in  cauliflower  (Brassica  oleraceo 
L.  Botrytis)  were  significantly  improved  by  increasing  the  level  of 
poultry  manure  application  from  0 to  17  Mg. ha"''.  They  found  that  Ca  and 
Mg  in  the  curd  were  increased,  although  P and  K contents  were  not 
influenced  significantly  by  poultry  manure  application.  Singh  et  al. 
(1973)  pointed  out  that  highest  potato  yield  was  obtained  by  addition  of 
80  kg  N.ha"''  from  mineral  fertilizer.  In  other  studies  with  tomato 
(Lycopersicum  esculetum.  Mill)  crop,  yields  increased  with  rate  of 
poultry  manure  applied  at  rates  from  0 to  8 Mg. ha"''  when  followed  by  a 
pre-plant  application  of  a commercial  10-20-10  (N-P-K)  fertilizer  at  280 
to  840  kg. ha  (Morelock  and  Hall,  1980). 


15 


Poultry  manure  was  also  found  beneficial  for  increasing  strawberry 
(Fragaria  spp.)  yield  (Hitz,  1951;  Albregts  and  Howard,  1981).  In 
their  study,  Albregts  and  Howard  (1981)  reported  that  soil  organic 
matter  content  increased  with  manure  rate  and  soil  pH  was  only  slightly 
affected  by  manure  treatments.  They  noted  that  high  rates  of  poultry 
manure  (36  mg. ha"'’)  produced  high  levels  of  soluble  salts  and  that 
foliage  bum  was  noted  during  the  first  three  seasons,  which  may  have 
been  the  cause  of  reduced  yields.  Similar  effects  were  observed  by 
Shortall  and  Liebhardt  (1975)  in  that  excessive  soluble  salts  were  the 
primary  cause  of  yield  reduction  in  corn  when  high  rates  of  poultry 
manure  were  applied. 

Poultry  manure,  pig  manure,  activated  sludge,  and  digested  sludge 
were  compared  by  Cheung  and  Wong  (1983)  for  use  as  soil  additives  for 
growth  of  Chinese  cabbage  (Brassica  parachinensis) . They  found  that 
animal  manure  resulted  in  better  crop  growth  than  sewage  sludge.  This 
was  associated  with  higher  productivity,  earlier  maturity,  and  absence 
of  plant  abnormalities. 

Cowan  (1976)  conducted  an  experiment  with  grass  (Lolium  perenne)  to 
evaluate  the  effect  of  poultry  manure  and  inorganic  (N-P-K)  fertilizer 
together  with  the  manure  slurry.  They  found  that  poultry  manure 
supplied  levels  of  available  N comparable  with  N levels  from  the 
fertilizer.  Addition  of  poultry  manure  increased  the  amount  of 
available  Na,  K,  and  Mg  in  the  soil.  However,  Jackson  et  al.  (1975) 
reported  that  land  disposal  of  broiler  litter  greatly  enhanced 
exchangeable  K in  the  soil  but  the  exchangeable  Ca  and  Mg  were  reduced. 

In  laboratory  studies,  Reddy  et  al.  (1980)  observed  transformations 
of  N,  P,  and  C in  a Coastal  Plain  soil  treated  with  beef 


manure,  poultry 
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manure,  or  swine  manure.  They  observed  that  losses  of  NHt-N  from  NH- 

4 3 

volatilization  were  higher  in  the  soil  treated  with  poultry  manure  than 
in  the  soil  treated  with  beef  or  swine  manure.  They  reported  that 
accumulation  of  NOj-N  occurring  in  the  soil  treated  with  beef  manures 
was  nearly  one-half  that  in  the  soil  treated  with  poultry  or  swine 
manure.  They  concluded  that  animal  manure  application  increased  organic 
N,  soluble  P,  and  soluble  organic  C. 

Jackson  et  al.  (1977)  found  that,  instead  of  increasing  soil 
organic  matter,  applying  high  rates  of  poultry  manure  (134 
Mg. ha  ’’.year  ’’ ) to  the  surface  of  a pasture  decreased  the  soil  organic 
matter  content  from  17  to  14  g.kg"’’  in  the  upper  10  cm.  They  explained 
this  result  by  the  'priming  effect'  of  leachate  with  low  C;N  which 
stimulated  microbial  activity  and  oxidation  of  the  native  soil  organic 
matter. 

After  5 years  of  heavy  semi-annual  applications  of  poultry  manure 
in  a clay  loam  soil,  Weil  and  Kroon tje  (1979)  observed  that  the  overall 
ability  of  the  soil  to  accept  and  dispose  of  the  poultry  manure  did  not 
appear  to  be  seriously  impaired  even  at  higher  rates  of  manure 
applications.  They  estimated  that  only  70  g.kg"’’  of  organic  matter  from 

the  393  Mg.ha"  of  the  manure  remained  in  the  plow  layer  after  5 years. 
D6Conipo3i.~bj.on  of  Ani.m;=il 

Although  animal  manures  have  been  used  for  centuries  as  nutrient 
sources  for  plant  growth,  a rational  basis  for  their  use  has  not  been 
developed.  Application  rates  have  been  based  on  experience  and  little 
information  has  been  available  about  decomposition  rates  and  nutrient 
availability.  At  the  present  time,  the  rational  method  would  be  to 
determine  the  availability  of  N in  the  manure  based  on  its  properties. 
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using  a decay  series  (Pratt  et  al.,  1973).  The  decay  series  concept  was 
based  on  mineralization  of  organic  N into  inorganic  or  available  N 
relative  to  the  total  N content  of  the  manure.  Poultry  manure  and  cow 
manure  would  not  necessarily  have  the  same  N mineralization  rates  even 
at  the  same  total  N content.  Dry  poultry  manure  that  supplied  30  g 
N.ha"  would  provide  much  more  available  N than  tiat  of  fresh  feedlot 
slurry  manure  that  had  30  kg  N.ha  on  a dry  weight  basis. 

The  decay  series  is  a set  of  coefficients  for  the  yearly 
mineralization  of  a given  application  of  a manure.  It  is  expressed  as  a 
series  of  fractional  mineralizations  of  any  given  application,  or  as  the 
residual  of  that  application.  Usually  the  rate  of  mineralization  is 
most  rapid  the  first  year  after  application  and  will  decrease  in 
subsequent  years.  The  decay  series  of  0.35,  0.15,  0.10,  0.05  implies 

A 

that  350  g N.kg  will  be  mineralized  in  the  first  year,  I50,  100  and  50 
g.kg  of  the  residual  N will  be  mineralized  in  the  second,  third,  and 
fourth  subsequent  years,  respectively.  Pratt  and  coworkers  (1973)  also 
pointed  out  that,  if  a manure  is  higher  in  N content,  it  decays  faster 
so  that  the  decomposition  patterns  of  manures  differ,  requiring 
development  of  several  decay  series.  They  stated  that  the  decay  series 
of  0.90,  0.10,  0.05  is  typical  of  organic  wastes  such  as  poultry  manure 
containing  N,  primarily  present  as  rapidly  mineralized  urea  or  uric 
acid.  These  N materials  are  nearly  as  available  as  inorganic  N 
sources.  The  decay  series  of  0.75,  0.15,  0.10,  0.05  represents 
materials  in  which  about  500  g.kg””*  of  the  N are  present  as  urea  or  uric 
acid  and  the  balance  is  slowly  mineralizable  organic  compounds.  Fresh 
wastes  from  dairy  or  beef  cattle  feedlots  are  also  in  this  category. 
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Peat 

The  use  of  peat  for  agricultural  purposes  on  mineral  soils  has 
increased  at  a rapid  rate  during  the  past  few  years.  Most  of  this  peat 
is  utilized  in  vegetable  gardens  and  greenhouses  as  an  essential 
ingredient  for  use  in  potting  mixtures  or  with  soil  for  the  growing  of 
various  potted  plants. 

According  to  Dyal  (1960),  more  than  half  a million  tons  of  peat 
were  being  sold  annually  in  the  United  States,  at  that  time,  for  soil 
improvement.  Psat  was  often  used  previously  as  both  a humus  source  and 
as  fertilizer,  with  the  expectation  that  it  would  give  results  similar 
to  those  obtained  with  animal  manures.  Although  increased  yields  were 
often  obtained,  and  the  physical  condition  of  the  soil  was  improved, 
peat  did  not  act  like  animal  manures.  This  was  due  in  part  to 
deficiencies  in  mineral  nutrients,  but  also  to  a greater  extent  to  the 
comparatively  inert  nature  of  the  material  (Allison,  1973b).  As  already 
pointed  out,  manure  is  an  active  material  and,  as  it  decomposes, 
nutrients  are  constantly  released  through  biological  actions.  In 
contrast,  peat  is  so  resistant  to  decomposition  that  much  of  the 
released  nutrients  must  be  retained  by  exchange  reactions  or  as  chelate 
elements.  However,  physical  benefits  derived  from  peat  addition  may  be 
expected  for  several  years  after  its  application  (Allison,  1973b). 

Long-term  effects  of  large  additions  of  acid  peat  debris  on  the 
macro-  and  micromorphological  properties  of  a nearly  neutral  silty  clay 
loam  topsoil  were  established  by  Collins  and  Coyle  (i960).  They  noted 
changes  through  field  morphological  examinations  and  thin  section 
observations.  In  their  study,  depth  of  peat  added  varied  from  3 to  30 
cm.  These  additions  improved  soil  physical  properties  and  faunal 
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activity  relative  to  the  unamended  topsoil.  Additions  of  5 to  8 cm 
caused  acidification,  structural  alteration  and  Fe  mobilization. 

Further  additions,  ranging  up  to  30  cm,  caused  progressive  increase  in 
acidification,  structural  collapse  and  fauna  inactivity. 

Peat,  farm  yard  manure,  peat  compost,  or  peat  plus  manure  mixture 
were  applied  at  6.3  Mg. ha"'',  in  order  to  evaluate  the  yield  and  chemical 
composition  of  strawberry  (Lucka  et  al.,  1977).  They  found  beneficial 
effects  of  treatments  were  observed  only  in  the  third  year  of  their 
trials,  and  the  highest  total  yields  were  obtained  from  plots  with 
fertilizer  in  combination  with  peat-manure  mixture.  They  reported  no 
appreciable  effect  of  any  treatments  on  fruit  chemical  composition. 

Johnston  and  Brookes  (1978)  reported  results  from  an  experiment 
made  on  sandy  loam  soil  during  1963-1977  in  England.  They  evaluated  the 
effect  of  addition  of  peat  in  soil  on  many  crops.  They  found  that 
marketable  production  of  bean,  beet,  and  potato  was  increased  by  300 
g.kg  or  more.  For  carrot  and  other  crops,  the  increase  was  50  g.kg"^ 
or  less.  Nitrogen  fertilizers  were  often  used  most  efficiently  on  soils 
with  peat.  Cumulative  dry  matter  yields  on  soils  with  added  peat  were 
100  g.kg  greater  than  on  untreated  soil  and  this  effect  persisted  even 
when  peat  application  ceased. 

Clay  as  an  Amendment 

The  beneficial  effects  of  adding  silicates  to  highly-weathered 
soils  whose  silicon  levels  have  been  reduced  by  leaching  are  well 
established.  A number  of  reasons  have  been  proposed  to  explain  these 
effects,  such  as  the  reduction  of  P sorption,  the  increase  in  soil  pH, 

Ca  supply,  and  cation  exchange  capacity  (Uehara  and  Gillman,  1981). 
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Diamond  and  Fiskell  (I965)  and  Fiskell  and  coworkers  (I967) 
observed  that  suitable  clay  amounts  can  be  incorporated  into  sandy  soil 
in  order  to  improve  soil  physical  and  chemical  properties.  They 
observed  that  soft  rock  phosphate  may  be  beneficial  to  plant  growth, 
especially  when  used  at  rates  where  the  clay  content  may  contribute 
significantly  to  moisture  and  nutrient  retention. 

The  effect  of  the  addition  of  bentonite  clay  and  pond  sediment  (of 
varying  N content)  to  a loamy  sand  was  studied  under  different  moisture 
regimens  for  the  mineralization  of  N in  these  amendments  (Aggarwal  et 
al.,  1980).  They  found  higher  mineralization  of  N occurred  in  soil 
treated  with  pond  sediment,  followed  next  by  bentonite  clay  and  the 
untreated  soil,  all  at  comparable  moisture  levels.  They  concluded  that 
N mineralization  potential  and  N mineralization  rate  of  soil  were 
increased  when  mixed  with  pond  sediment  and  bentonite  clay.  In  similar 
experiments,  Gupta  and  Aggarwal  (1980)  observed  that  application  up  to 
100  g.kg-''  of  bentonite  clay  or  up  to  250  g.kg"''  of  pond  sediment  to 
sandy  loamy  soil  increased  moisture  retention  at  0.01  and  I.5  M Pa 
tension  as  well  as  the  available  water  capacity,  total  porosity,  and 
percentage  of  clay  aggregates  > 0.25  mm.  They  reported  that  these  clay 
amendments  decreased  the  hydraulic  conductivity  and  bulk  density.  They 
observed  that  bentonite  was  more  effective  than  pond  sediment  in 
improving  physical  characteristics  of  soils,  and  that  the  total 

mineralized  NH|-N  and  NOg-N  increased  with  the  rate  of  addition  of  the 
amendments. 

In  field  conditions  on  sandy  soil,  Lhotsky  (I974)  showed  that 
bentonite  influenced  water  reserve  in  the  soil  and  reduced  water  seepage 
rate.  The  optimum  rates  of  application  were  stated  to  be  1.27  to  2.54 


21 


^ *1  *1 

Mg. ha  where  a 150  g.kg  increase  on  crop  yield  occurred  during  a 7- 
year  period. 

The  effect  of  bentonite  on  plant  availability  of  sludge-borne  heavy 
metals  in  soil  was  studied  by  Sims  and  Boswell  (1978).  Following  the 
application  of  sludge,  bentonite  incorporation  reduced  the  soil 
availability  of  some  metals  released  from  a sludge.  They  concluded  that 
total  plant  content  of  Cd  and  Zn  decreased  in  a linear  manner  as  pH  and 
cation  exchange  capacity  increased  as  a result  of  the  addition  of 
bentonite . 

Utilization  of  Tracer 

Studies  of  the  fate  and  residual  effect  of  N from  animal  or  sludge 
amendments  in  combination  with  inorganic  N fertilizer  are  complicated  by 
numerous  N transformations  occurring  simultaneously  in  soil. 

Investigators  are  unable  to  distinguish  N derived  from  the  amendment 
from  available  soil  N or  fertilizer  N after  mixing  and  incubation. 

Use  of  the  ratio  between  stable  N isotopes  and 
investigations  of  N transformations  in  plant  and  soil  system  has 
increased  during  the  past  decade  in  order  to  assist  in  defining  how  much 
of  the  total  plant  N uptake  is  derived  from  fertilizer  N,  or  for 
leaching  losses,  and  residual  fertilizer  N in  the  soil. 

The  first  application  of  ^ agronomic  research  was  by  Norman 
and  Werkman  (1943)  who  used  it  to  study  uptake  of  N by  soybeans  (Glycine 
m^L.).  Since  then  more  than  1500  papers  related  to  the  use  of 
tracer  techniques  in  agronomy  have  been  published  (Hauck  and  Bremner, 
1976).  The  availability  of  ''^-depleted  or  ''%-enriched  materials  in 
substantial  quantities  has  opened  up  the  possibility  of  conducting  field 
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trials  with  labeled  materials  at  moderate  cost,  while  avoiding  the 
disadvantages  of  microplots. 

Advantages  and  disadvantages,  analytical  methodology,  and  uses  of 

15- 

N in  soil  research  have  been  reviewed  (Hauck  and  Bremner,  1976; 
Broadbent,  1981;  Bureshetal.,  1982). 

Most  previous  studies  on  ^%-labeled  residual  N forms  have  been 
conducted  either  in  the  greenhouse  and  laboratory  experiments  (Stewart 
et  al.,  1963;  Broadbent  and  Nakashima,  1967;  Stanford  et  al.,  197O; 
Legg  et  al.,  197I;  Chichester  et  al.,  1975).  Relatively  few  studies 
with  were  conducted  in  the  field.  A review  of  field  experiments 
with  N (Allison,  I964)  indicated  that  most  experiments  gave  low  N 
recoveries  in  that  the  first  crop  normally  removed  from  400  to  500 
g.kg  of  the  fertilizer  N.  A subsequent  crop  increased  the  recovery  to 
760  to  880  g.kg  . In  general,  he  stated  that  more  N was  accounted  for 
in  N-balance  studies  conducted  in  the  greenhouse  than  was  recovered  in 
either  lysimeter  or  field  studies. 

Pomares-Garcia  and  Pratt  (1978)  conducted  a pot  experiment  with 
various  rates  of  manure  (O,  20,  40  and  50  Mg. ha"'')  and  sludge  (O,  10,  20 
and  30  Mg. ha  ) and  combined  these  treatments  factorially  with  0,  50, 

100,  150  and  200  Mg  N.kg”''  soil  added  as  ammonium  sulfate  labeled  with 
N.  They  observed  no  significant  effect  of  either  organic  amendments 
or  of  fertilizer  rates  on  the  overall  N recovery  by  the  crops.  However, 
under  manure  treatments,  the  recoveries  of  fertilizer  N by  barley 
(Hordeum  vulgare)  forage  were  higher  than  those  found  with  sludge.  They 
point  out  that  this  effect  was  due  to  manure  treatments  rather  than  to 
the  fertilizer.  They  observed  that  increasing  rates  of  N from  (NH^)2S0^ 
increased  the  N available  in  the  soil,  whereas  mixing  with  manure  caused 
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N from  (NH^)2S0^  remaining  almost  constant.  They  obtained  less  N from 
the  fertilizer  when  combined  with  sewage  sludge  treatments. 

In  a study  of  organic  amendments,  Caddy  and  Bartholomew  (i960) 
concluded  that  the  recovery  of  added  tagged  N was  decreased  by  these 
amendments.  They  obtained  an  average  of  80  g.kg"'’  of  the  tagged  N taken 
up  by  the  plant  but  200  g.kg  ^ of  this  N were  not  recovered  and  were 
presumed  to  have  been  lost  by  denitrification  and/or  leaching. 

Rolston  (1978)  and  Rolston  et  al.  (1979)  reported  on  a field 
balance  on  uncropped  plots  that  had  received  300  kg  N.ha”"'  as  Ca 
(,  N0j)2  and  which  were  maintained  at  two  water  levels  (about  10"^  MPa 

and  6x10  ^ MPa).  The  soil  had  received  either  34  Mg. ha”''  of  manure  or 
no  manure  as  pre treatments.  In  the  summer  when  soil  temperature 
averaged  23°C,  they  showed  that  the  plot  receiving  high  water  and  manure 
had  lost  720  to  780  g.kg”''  of  N,  shown  by  ''^N  analyses  to  be  either  N2 
or  N2O.  They  accounted  for  the  remaining  labeled  N mainly  through  N 
leaching  (about  I30  g.kg”'')  and  organic  N forms  (about  80  g.kg”'').  The 
other  water  treatment  in  combination  with  manure  pre treatment  lost  I60 
to  270  g.kg  ''  of  the  ''^N  as  N2O  plus  N2.  They  concluded  that  the 
remaining  ''^n  was  predominantly  in  mineral  form  (about  530  g.kg”'')  and 

that  about  21  g.kg”''  occurred  in  organic  N forms,  and  no  leaching  losses 
were  observed. 

Fertilizer  N incorporated  into  soil  organic  matter  was  not 
readily  mineralized  in  experiments  by  Allen  et  al.  (1973)  and  Broadbent 
(1980).  In  a further  study,  Broadbent  and  Nakashima  (1967)  showed  that 
the  number  of  days  required  for  mineralization  of  10  g.kg”^  of  the 
tagged  N that  had  been  incorporated  in  soil  organic  matter  was  increased 
with  time  following  the  fertilizer  application. 
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Fiskell  and  Locascio  (1983)  conducted  field  experiments  with 
mulched  staked  tomato  utilizing  ''^N-depleted  ammonium  sulfate  and  four 
other  N sources  under  drip  irrigation.  They  showed  that  the  plant  tops 
at  the  immature  fruit  stage  contained  nearly  the  same  N content  with  the 
five  N sources.  They  reported  that,  at  this  growth  stage,  220  to  300 
g.kg-  of  the  N in  the  tops  was  derived  from  fertilization.  The 
remainder  of  the  N originated  from  both  preplant  N and  soil  N.  In  the 
fruit  harvested  at  9,  11,  and  13  weeks  after  initial  fertilization,  they 
observed  recovery  of  725,  629,  and  488  g.kg'l  of  the  N derived  from 
fertilization,  respectively. 

Miller  et  al.  (1981)  used  ''^-depleted  fertilizer  as  (NH^)2S04  to 
determine  the  percentage  of  tomato  plant  N derived  from  the  applied 
fertilizer.  Their  data  showed  that  higher  fertilization  rates  resulted 
in  a higher  percent  recovery  of  fertilizer  N.  They  obtained  leas  than 
600  g.kg-l  recovery  of  fertilizer  N early  in  the  season  and 
approximately  300  g.kg”''  by  the  end  of  the  season, 

Broadbent  et  al.  ( 1980)  also  used  '’^-depleted  (NH^)2S04,  and  found 
that  recovery  of  fertilizer  N by  tomato  plants  ranged  between  530  and 
640  g.kg-1  at  all  N rates  (56,  112,  168,  224  kg.ha”'').  They  also 
pointed  out  that  more  N in  the  tomato  crop  came  from  the  soil  than  came 
from  fertilizer  N at  all  rates.  At  112  kg  N.ha”'^,  the  above-ground 
portions  of  the  crop  contained  a total  of  250  kg  N/ha  from  an  equivalent 
of  50  kg  N.mg”''  of  dry  matter  produced,  and  only  13  kg  N.mg”''  of  dry 
weight  were  obtained  from  the  use  of  the  applied  fertilizer. 

Differences  in  the  abilities  of  crops  to  utilize  fertilizer  and 
soil  N have  been  found  to  contribute  to  the  establishment  of  rotation 
systems  and  to  improve  the  efficiency  of  fertilizer  use.  Hills  et  al. 
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(1983)  used  depleted  (NH^)2S0^  in  a three-crop  experiment  (corn, 
sugarbeet  and  tomato)  and  unlabelled  NH^NO^  in  the  two-crop  experiment 
(corn,  sugarbeet).  They  observed  considerable  site  variability  in  the 
utilization  of  fertilizer  N in  individual  crops.  Their  average 
recoveries  of  labeled  N from  fertilizer  were  570  g.kg“''  for  corn,  and 
270  g.kg  for  tomato  and  sugarbeet  when  three-crop  rotation  was 
utilized.  Similar  N recoveries  for  the  two  crop  rotation  were  520 
g.kg  for  corn  and  370  g.kg”"'  for  sugarbeet. 

Crop  Management  Practices  for  Vegetable  Crops 

Improving  crop  management  practices  is  an  attempt  to  increase 
productivity.  Research  development  of  improved  production  technologies 
for  each  stage  of  vegetable  crop  production  from  tillage  to  harvesting 
has  been  achieved  by  varying  levels  of  production  inputs  or  introduction 
of  new  technologies. 

Under  Florida  conditions,  one  successful  technique  for  certain 
vegetables  is  utilization  of  polyethylene  mulch  (Locascio  et  al.,  I960; 
Geraldson,  1962;  Everett,  1971;  Locascio  etal.,  1973;  Locascio  and 
Fiskell,  1977;  1979).  Associated  with  this  technique,  increases  in 
yield  and  uptake  of  nutrients  by  many  vegetable  crops  have  been  achieved 
through  drip-irrigation  systems  (Locascio  and  Myers,  1974;  1975; 

Locascio  et  al.,  1982;  Fiskell  and  Locascio,  1983). 

When  slow-release  N fertilizer  has  been  used  in  an  attempt  to  match 
N requirements  of  crops  with  N available  in  the  soil,  substantial 
increases  in  yields  have  been  achieved  (Shelton,  1976;  Locascio  and 
Fiskell,  1979;  Locascio  et  al.,  1981 ).  Further  refinement  in  vegetable 
crops  production  through  use  of  adequate  fertilizer  rates  and  placement 
are  responsible  for  increased  yields  (Geraldson,  1962;  1963;  Hayslip 
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and  Iley,  1964;  Fiskell  et  al. , 1967;  1977;  Albregts,  1971;  Navarro 

and  Locascio,  197I;  1973;  Persuad  et  al. , 1976;  Everett,  1976). 

Bryan  and  Dalton  (1974) > Guilarte  (1975),  Csizinszky  (1978),  and 
Everett  (1978)  studied  multiple  cropping  vegetable  systems  associated 
with  residual  fertilizer.  They  reported  that  by  proper  management  of 
vegetable  crops  in  Florida,  such  as  tomato  and  pepper  (Capsicium  annuun 
L.),  it  may  be  possible  to  double  crop  with  either  low  or  high 
management  vegetables  and  field  crops.  Csizinszky  (1978)  observed  timt 
yields  of  carrot,  green  onion  (Allium  cepa  L.),  lettuce  and  radish 
(Raphanus  ^tivum  L.)  were  significantly  higher  in  plots  where  no 
additional  fertilizer  was  applied  than  in  plots  receiving  fertilizer 
after  tomato.  He  pointed  out  that  the  low  yield  in  fertilized  plots  was 
due  to  high  total  soluble  salts  that  reduced  the  seed  germination  of  the 
second  crop.  Kretschmer  et  al.  (1963)  suggested  that  field  corn  is  a 
good  crop  to  follow  fall  tomato  and  other  heavily  fertilized  vegetable 
crops  on  sandy  soils  in  Florida.  He  reported  that  there  was  no  need  for 
additional  P,  K and  micronutrients  in  order  to  produce  a good  corn 
yield. 

Double  cropping  of  a full-bed  plastic  mulch  with  other  crops  is 
practiced  by  many  growers.  The  obvious  advantage  of  multicropping  on 
plastic  mulched  beds  is  reduction  of  energy  use  and  production  costs  by 
permitting  efficient  use  of  both  physical  and  applied  resources  (Bryan 
and  Dalton,  1974).  However,  Everett  (1978)  observed  that  two  factors 
can  reduce  the  success  of  multicropping.  These  were  insufficient 
residual  fertilizer  from  the  first  crop  and/or  the  effect  of  soil-borne 
plant  disease  and  nematodes  that  build  up  during  the  first  crop. 


27 


Everett  (1978)  also  observed  that,  following  Fall  crops  of  tomato 
on  plastic  mulched  beds,  second  crops  could  be  planted  either  by  seeding 
cucumber  or  by  transplanting  tomato.  In  his  study,  the  two  crops  were 
planted  as  separate  experiments  where  half  the  plot  area  was  in  cucumber 
and  the  other  half  in  tomato.  He  found  that  the  only  significant 
increase  in  yield  for  both  crops  was  between  the  check  (no  additional 
fertilizer)  treatment  and  low  fertilizer  rate  (70  kg  N.ha"^  with  100  kg 
K.ha-  ).  He  reported  tlat,  at  fertilizer  rates  higher  ttan  the  low 
rate,  yields  of  tomato  or  cucumber  did  not  differ  statistically, 
regardless  of  placement  methods. 

Butternut  squash  produced  high  yields  without  additional  fertilizer 
when  planted  after  tomato  grown  under  full-bed  plastic  mulch  (Bryan  and 
Dalton,  1974).  In  this  study,  higher  yields  of  tomato  and  of  the  second 
crop  of  butternut  squash  resulted  from  complete  and  partial 
incorporation  of  fertilizer  in  beds  under  mulch  tian  from  banding  all 


the  fertilizer. 


MATERIALS  AND  METHODS 


Field  experiments  were  conducted  during  the  Spring  and  Fall  seasons 
in  1982  and  1983  at  the  Horticultural  Unit,  University  of  Florida, 
Gainesville.  The  effects  of  organic  amendments  in  combination  with 
fertilizer  were  evaluated  in  1982  on  full-bed  plastic  mulch  for  staked 
tomato  followed  by  slicer  cucumber.  This  double  cropping  was  continued 
also  in  1983  using  organic  amendments  and  clay  in  combination  with 
fertilizer.  Rainfall  distribution  is  shown  in  Fig.  1.  Water  stood 
between  the  beds  during  the  period  from  3/22  to  4/I8  in  1982. 

Selected  properties  of  the  amendments  utilized  in  1982  and  1983 
experiments  are  presented  in  Table  1.  In  both  years,  newly  cleared  and 
limed  soil  was  used.  The  soil  was  classified  as  Mulat  fine  sand  (coarse 
to  loamy,  siliceous,  hyperthermic  Typic  Ochraquults) . Selected 
characteristics  of  this  soil  are  shown  in  Appendix  Tables  1 and  2. 

Field  Experiment  in  1982 

Tomato  Experiment 

Five  amendments  and  two  levels  of  fertilizer  were  evaluated. 
Treatments  were  combined  in  a 5x2  factorial  arrangement  in  a randomized 
complete  block  design  with  four  replications.  Amendment  sources  were  as 
follows:  1)  22.4  Mg.ha-I  of  sewage  sludge  from  Largo,  Florida,  termed 

SS;  2)  22.4  Mg. ha"''  of  a mixture,  termed  PM,  constituting  of  I7.9 

Mg. ha  of  air-dried  commercial  source  of  poultry  manure  mixture  with 
4.5  Mg. ha"''  of  Florida  peat  to  lower  the  pH  of  the  amendment;  3)  a 
second  mixture,  termed  FP,  consisting  of  17.9  Mg. ha"''  of  Florida  peat 
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Table  1.  Selected  properties  of  the  amendments  utilized  in  1982  and  1983  experiments  for  vegetable  crops 
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mixed  with  4.5  Mg. ha  poultry  manure  to  raise  the  amendment  pH;  4) 
anaerobically  digested  cow  manure  termed  CM;  5)  fertilizer  only,  termed 
FO.  The  N,  P,  and  K supplied  were  equivalent  to  that  provided  in  1400 
and  2800  kg.ha"'’  of  a 6-3.5-6.6  (N,  P,  K)  commercial  fertilizer.  These 
two  fertilizer  rates  are  therefore  termed  I40O  and  2800  kg. ha"”'  in  the 
text.  The  N source  was  ^^^.^epleted  ammonium  sulfate  (21$g  N)  obtained 
from  the  Tennessee  Valley  Authority;  P was  derived  from  ordinary  super- 
phosphate (8.7%  P);  K as  muriate  of  potash  (49.9^  K),  and  micro- 
nutrients as  frit  (FTE  503).  Each  treatment  (except  for  the  fertilizer 
only  treatment)  was  blended  in  a cement  mixer  and  water  was  added  to 
near  that  of  mixture  saturation.  The  amendments  and  fertilizer  were 
weighed  on  the  air  dry  matter  basis  for  each  plot,  which  was  11  m long 
and  1.22  m wide.  All  amendments  and  fertilizer  were  applied  broadcast 
on  March  11  and  incorporated  by  a rota tiller  into  beds  which  were  formed 
by  a bed  press.  The  amended  soil  was  covered  by  0.025  mm  thick  black 
polyethylene  mulch. 

Containerized  tomato  plants,  cultivar  Sunny,  were  approximately  15 
cm  tall  when  transplanted  at  45  cm  spacing  on  March  18.  Tomato  plants 
were  pruned  and  grown  on  twine  and  stakes.  An  overhead  irrigation 
system  was  utilized.  Fruit  yield  were  taken  from  22  plants  of  each 
plot.  Fruit  harvests  were  on  June  10,  June  I7,  June  24,  and  July  1, 

1982.  Fruit  fresh  weight  was  obtained  after  grading  into  four  size 
categories.  The  mean  fruit  weights  for  the  four  fruit  sizes  were  205, 

150,  115,  and  85  g.  Marketable  yield  was  the  sum  of  yields  of  all  size 


categories. 
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Approximately  15  days  after  the  last  tomato  harvest,  the  old  tomato 
vines  were  cut  just  above  the  soil  line  and  removed  from  the  beds  with  a 


minimum  amount  of  damage  to  the  plastic  mulch. 


Cucumber  Experiment 


On  August  10,  cucumber  seeds,  cultivar  Poinsett,  were  planted  in 
the  original  undisturbed  plots  without  additional  fertilizer.  A single 
row  in  the  bed  center  was  used  and  seedlings  were  thinned  to  a single 
plant  at  every  30  cm  of  row.  Two  weeks  after  germination,  the  last 
plant  at  the  plot  boundary  was  removed.  Fruit  yields  were  taken  from  34 
plants  from  each  plot.  Fruit  harvest  began  55  days  after  seeding  and 
was  conducted  at  6-  to  7-day  intervals  for  a total  of  four  harvests. 

The  yields  obtained  in  the  first  two  harvests  were  considered  as  early 
yield. 


Field  Experiments  in  1963 

Tomato  Experiment 

Four  amendments  were  used;  l)  sewage  sludge  from  Orlando, 

Florida,  termed  SS;  2)  air-dried  commercial  source  of  poultry  manure, 
termed  PM;  3)  dry  bentonite  clay  (American  Colloid  Company),  termed 
BC,  and  4)  fertilizer  only,  termed  FO.  The  amendments  rates  were  11.2 
and  22.4  Mg. ha-''  for  sewage  sludge  and  poultry  manure.  Rates  of  1.12 
and  2.24  Mg.ha"'  were  used  for  the  bentonite  clay. 

The  commercial  fertilizer  mixture  employed  was  6-3. 5-6. 6 as  N-P-K 
plus  micronutrients  which  was  derived  from  ammonium  nitrate,  diammonium 
phosphate,  muriate  of  potash  and  frit  (FTE-503).  Rates  of  0,  I40O,  and 
2800  kg. ha  were  applied  on  plots  receiving  sewage  sludge  or  poultry 
manure.  Plots  without  these  amendments,  and  those  with  added  bentonite 


33 


clay  were  supplemented  with  I4OO,  2800,  and  42OO  kg.ha"'’  of  the  above 
fertilizer. 

Amendment  sources,  rates,  and  fertilizer  levels  were  arranged  in  a 
semi-complete  factorial  in  a randomized  complete  block  design  with  three 
replications  for  a total  of  21  treatments. 

All  treatments  were  applied  broadcast  on  March  4 and  incorporated 
into  the  beds'  centers  by  a rota tiller  and  bed  press. 

Containerized  tomato  plants,  cultivar  Sunny,  were  transplanted  at 
45  cm  spacing  on  March  I7.  Plot  size,  fruit  grades,  and  culturals 
practices  were  conducted  as  for  the  1982  field  experiment.  Fruit 
harvest  was  made  on  June  16,  June  23,  and  June  30. 

Cucumber  Experiment 

Approximately  I5  days  after  the  last  tomato  harvest,  tomato  vines, 
twines,  and  stakes  were  removed.  The  original  plot  size  utilized  in  the 
tomato  experiment  was  divided  in  half.  Cucumber  cultivar  'Poinsett'  was 
seeded  on  August  10.  One-half  of  each  plot  received  no  further 
fertilizer.  The  other  half  received  liquid  fertilization  as  40-0-33 
kg. ha  , where  the  N and  K were  supplied  as  ammonium  nitrate  (33.555  N) 
and  muriate  of  potash  (49.9^  K),  respectively,  at  I5  days  after 
seeding.  This  supplemental  fertilizer  was  applied  to  the  soil  at  20  cm 
depth  in  25  ml  of  solution  between  plants,  using  a manual  injector. 

Fruit  harvests  began  50  days  after  seeding  and  were  made  at  3-  to 
4-day  intervals.  A total  of  six  harvests  were  made.  Yield  obtained  in 
the  first  three  harvests  was  considered  as  early  yield. 

Laboratory  Experiments 

In  order  to  evaluate  the  microbial  activity  for  each  treatment  used 
in  the  1982  and  1983  experiments,  CO^  evolution  over  time  was 
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measured.  Soil  samples  from  the  1982  experiment  were  taken  7 days  after 
application  of  the  amendments.  These  samples  were  air-dried  and  passed 
through  a 2 mm  sieve  and  50  g weighed  into  250-ml  Enlenmeyer  flasks. 

Two  replications  for  each  treatment  were  used.  The  moisture  content  was 
adjusted  to  approximately  -33  kPa  soil  moisture  potential. 

In  the  1983  experiment,  soil  samples  were  not  air -dried  and  the 
field  moisture  content  was  not  adjusted.  Soil  samples  were  taken  I9 
days  after  application  of  the  treatments.  Samples  at  field  moisture 
were  passed  through  a 2 mm  seive  and  50  g weighed  into  250  ml  Enlenmeyer 
flasks.  Two  replications  for  each  treatment  were  used. 

An  additional  set  of  soil  samples  was  weighed  into  tared  paper  bags 
and  the  moisture  content  determined  after  oven-drying  for  72  h at 
100  C.  The  flasks  containing  the  soil  samples  were  connected  to  a 
closed  system  constantly  aerated  with  C02-free  moist  air.  The  CO2 
evolved  from  each  treatment  was  collected  in  0.0998  fl  Na OH  contained  in 
100-ml  tubes.  The  CO2  was  determined  after  3,  6,  13,  20,  27,  4I  and  60 
days  in  1982  and  3,  10,  17,  24,  31,  38,  60  days  in  1983.  Each 
determination  was  made  by  titration  with  0.1078  M HCl  using 
phenolphthalein  as  indicator. 


Analytical  Methods 

Soil  Analysis 

A series  of  soil  samples  (O  to  20  cm)  was  taken  prior  to  applying 
treatments  on  February  20,  1982  and  March  2,  1983.  Selected  chemical 
analysis  for  these  samples  are  shown  in  Appendix  Table  2. 

In  1982,  core  samples  were  taken  to  a 20  cm  depth  on  each  plot  on 

March  18,  April  20,  May  5,  and  June  29  in  the  tomato  and  on  August  20  in 
the  cucumber  treatments. 
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In  1983>  core  samples  of  each  plot  were  taken  on  March  23,  April 
21,  May  23 » and  June  23  from  the  tomato  and  on  August  13  from  the 
cucumber  treatments. 

Determinations  of  cation  exchange  capacity  (CEC)  and  organic  C were 
made  for  seived  air-dried  soil.  For  all  other  soil  determinations, 
fresh  soil  ^mples  were  used  at  the  field  moisture  level.  An  additional 
portion  of  each  soil  sample  was  taken  for  moisture  content  determination 
so  that  analysis  could  be  expressed  on  the  dry  soil  basis. 

A 50— g sample  of  fresh  soil  was  mixed  with  50  ml  of  deionized  water 
and  allowed  to  stand  for  20  minutes.  After  stirring,  soil  pH  was 
determined  by  an  Orion  Model  710  digital  pH/mV  meter  and  combination 
glass  electrode.  The  solution  was  filtered  through  a 0.45  y membrane 
filter  (Nalge)  using  a vacuum  pump  assembly.  Electrical  conductivity 
was  measured  with  a 1-cm  conductivity  cell  and  sensitive  ohm  meter 
(Barnstead  Model,  PM-70CB)  and  data  were  calculated  to  dS.rn”"* 

(mmho.cm  "* ) in  the  soil  solution  at  field  moisture  content.  Chloride 
levels  in  the  filtrates  were  determined  with  a specific  ion  electrode 
(Orion  Model  93-17)  and  NO^-N  by  a nitrate  electrode  (Orion  Model  90- 
02).  The  NH^-N  concentration  was  determined  by  the  phenate  method  by  a 
modification  of  the  Technicon  procedure  (EPA,  1968)  and  the  color  read 
by  a spectrophotometer  (Spectronic  21 ) at  659  nm.  If  samples  had  NH^-N 
concentrations  above  that  of  the  top  standard  of  14  mg.L”"'  of  NH^-N,  a 1 
or  2 ml  aliquot  (usually  sufficient)  was  diluted  to  50  ml  and  a suitable 
aliquot  taken  within  the  standard  range. 

Concentrations  of  Ca,  Mg,  Fe,  Mn,  Zn,  Cu,  Ni,  and  Cd  were 
determined  in  water  extract  by  atomic  absorption  and  K by  flame  emission 
photometry.  Concentration  of  P was  determined  by  Technicon  Auto 
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Analyser  II  using  the  ascorbic  acid-molybdate  blue  complex  read  at  880 
nm  (EPA,  1968). 

Potassium  chloride  extracts  for  1982  and  1983  soil  samples  were 
obtained  following  addition  of  50  ml  of  1 M KCl  to  50  g of  soil,  and 
then  filtered  as  given  above  for  water  extracts.  In  1982,  the  soil 
samples  utilized  were  the  same  as  those  extracted  previously  for  water 
extracts.  In  1983,  extracts  were  obtained  in  separate  50-g  samples  of 
soils.  The  extracts  were  transferred  to  plastic  vials,  capped,  and 
stored  at  4°C.  An  aliquot  of  15  ml  was  pipetted  into  a steam 
distillation  apparatus  and  approximately  0.25  g of  MgO  was  added.  The 
NH+-N  was  distilled  into  5 ml  of  boric  acid  mixed  indicator  solution  in 
a 50  ml  Erlenmeyer  flask.  The  distillate  volume  was  about  35  ml,  the 
NH^-N  concentration  was  determined  by  titration  with  0.0054  M sulfuric 
acid  (Bremner,  1965). 

The  double  acid  extract  (0.05  M HCl  + 0.013  M H2SO4) , now  called 
Mehlich  I extract,  was  utilized  in  1983.  A 20-g  sample  of  fresh  soil 
taken  in  the  tomato  or  cucumber  experiments  was  shaken  with  80  ml  of 
Mehlich  I extract  for  20  min  on  a reciprocating  shaker  and  filtered 
through  0.45  y membrane  filter  (Nalge)  using  a vacuum  pump  assembly. 

The  filtrate  was  saved  and  concentrations  of  Al,  Ca,  Cd,  Cu,  Fe,  Mg,  Mn, 
Ni,  and  Zn  were  determined  by  atomic  absorption.  Potassium  was  analyzed 
by  flame  emission  photometry  and  the  phenate  method  was  used  for  NH+-N. 

Organic  matter  and  cation  exchange  capacity  (CEO)  were  determined 
on  soil  samples  taken  at  March  18,  May  20,  and  August  9 in  1982,  and  at 
March  23,  May  21,  and  August  9 in  1983-  Treatments  that  received 
fertilizer  at  a rate  2800  kg.ha~"'  were  selected  in  1982.  In  1983, 
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treatments  that  received  either  only  amendments  or  treatments  that 
received  fertilizer  at  rate  2800  kg.ha"''  were  selected  for  analysis. 

Organic  matter  was  determined  by  the  Walkley-Black  oxidation  method 
(Allison,  1965)  except  that  the  end-point  was  found  by  redox  titration 
with  an  indicating  Pt  electrode  and  a gel-filled  polymer  body  with  a 
reference  calomel  electrode. 

Cation  exchange  capacity  (CEC)  was  determined  using  a procedure 
followed  by  Fiskell  and  Zelazny  (1971).  Soil  samples  were  air-dried  and 
screened  through  a 2-mm  mesh  seive.  A 10-g  sample  of  soil  was  weighed 
into  100-ml  polyethylene  centrifuge  tubes  and  50  ml  of  0.5  CaCl2  were 
added.  Samples  were  stirred  before  centrifuging.  The  solution  was 
discarded  and  the  process  repeated  twice  with  0.05  M.  CaCl2.  The  samples 
then  were  stirred  with  50  ml  of  methanol  and  centrifuged.  This  step  was 
repeated  and  the  solution  discarded.  Displacement  of  Ca  was 
accomplished  with  50  ml  of  1 M NH4NO3  followed  twice  by  25  ml  additions, 
stirring  and  centrifuging  operations.  Volume  of  the  combined  solution 
was  brought  to  100  ml,  shaken,  and  Ca  analyzed  by  atomic  absorption. 

Test  for  residual  Cl  was  measured  by  a specific  Cl  ion  electrode  using 
Cl  standards  made  in  1 M NH4NO3.  The  solution  pH  was  determined  and 
cation  exchange  capacity  was  calculated  from  mmol  (I/2  Ca^+)  .kg"''  minus 

residual  mmol  C/2  Ca^+)  .kg"''  determined  as  one-half  the  mmol  (Cl").kg"'' 
present. 

Tissue  Analysis 

In  1982,  leaf  samples  were  taken  on  April  28,  May  20,  June  19  and 
fruit  samples  taken  on  May  20,  June  11  and  July  2 from  the  tomato 

plants.  Cucumber  leaf  and  fruit  samples  were  taken  on  September  19  and 
October  13,  respectively. 
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In  1983  tomato  leaf  samples  (recently  mature,  fully  expanded 
leaves)  were  taken  on  April  28,  May  20,  June  19  and  fruit  samples  were 
taken  on  June  16.  Cucumber  leaf  samples  were  taken  on  September  2 and 
September  27  and  fruit  samples  were  obtained  on  October  10. 

Samples  were  collected  and  dried  in  a forced— air  dryer  at  70^C, 
ground  with  a Wiley  mill  to  pass  through  a 1 .27  nun  mesh  stainless  steel 
seive,  and  stored  in  air-tight  glass  bottles. 

Total  N was  determined  by  the  Kjeldahl  method  (Nelson  and  Sommers, 
1973)  on  a 0.25  g sample  after  digesting  with  5 ml  of  H2S0^  with 
salicylic  acid,  0.5  g of  Cu  catalyst,  and  0.4  g sodium  thiosulfate. 
Digested  samples  were  transferred  to  a distillation  flask,  20  ml  of  10  M 
NaOH  were  added  and  NH^-N  in  the  distillate  was  collected  in  5 ml  of 
boric  acid  containing  a mixed  indicator.  The  distillate  was  titrated 
with  0.0054  ^ ^2^^4  ^ purple-pink  end-point. 

Samples  for  mineral  analysis  were  prepared  using  a 1-g  sample  of 
dry  plant  tissue  and  digested  with  5 ml  of  concentrated  HNO^  in  100-ml 
test  tubes  covered  by  a glass  refluxing  cap.  The  digestion  was 
continued  at  80°C  for  an  hour  after  the  solution  had  cleared.  The 
temperature  was  increased,  and  the  solution  was  evaporated  to  near 
dryness.  The  sample  was  brought  to  25  ml  with  deionized  water,  shaken, 
and  stored  in  vials.  The  solution  was  analyzed  for  Al,  Ca,  Mg,  Fe,  Mn, 
Zn,  Cu,  Ni,  and  Cd  as  stated  for  the  water  extracts. 

Five  tomato  or  cucumber  fruits  were  sampled  from  each  treatment 
plot  yield  in  both  the  1982  and  1983  experiments.  The  samples  were 
washed  with  deionized  water,  blended,  frozen,  and  freeze-dried.  Fruit 
samples  for  mineral  analysis  were  prepared  and  analyzed  as  described 
previously  for  leaf  samples. 
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1 

Tracer  ~^N  Analysis 

In  1982,  ^%-depleted  (NH^)2S0^  was  the  N source  utilized.  All 
soil,  leaf  and  fruit  samples  taken  on  tomato  and  cucumber  experiments  in 
1982  were  analyzed  for  labeled  N. 

After  the  NH^-N  concentration  in  the  sample  was  determined  by 
titration  as  described  above,  the  distillate  from  steam  distillation  was 
slightly  acidifed  with  1 ml  of  0.12  M H2SO4  to  prevent  NH^-N  loss  and 
evaporated  on  a hot  plate  to  reduce  the  volume  from  3 to  5 ml.  Isotopic 
N ratio  analysis  were  made  (Micromass  Spectrometer  Model  620  E)  at  the 
Soil  Science  Department,  University  of  Florida. 

The  amount  of  labeled  fertilizer  N derived  from  "'^N-depleted 
calculated  from  the  equation 

X = X 100  [1] 

b-a 

where  X = % from  fertilizer  in  the  soil,  leaf,  and  fruit  samples, 
a = fertilizer  atom  % (0. 00615),  b = standard  atom  % (0.3665), 

and  c = sample  atom  % 

Statistical  Analysis 

Statistical  analysis  were  processed  by  SAS  computer  procedures, 
through  the  general  linear  model  procedure  (Helwig  and  Council,  1979)  at 
the  Northeast  Regional  Data  Center  of  the  University  of  Florida. 

In  the  1982  tomato  and  cucumber  experiments,  analysis  of  variance 
was  for  a 5x2  factorial  arranged  in  a randomized  complete  block  design 
with  four  replications.  Means  were  compared  by  the  Duncan's  Multiple 
Range  Test. 
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In  the  1983  tomato  experiment,  the  treatment  factors  of  amendment 
sources,  amendment  rate,  and  fertilizer  levels  were  arranged  in  a semi- 
complete  factorial  in  a randomized  complete  block  design  with  three 
replications.  These  factors  were  considered  as  21  treatments.  In  the 
first  analysis,  the  20  degrees  of  freedom  were  broken  down  into  20 
orthogonal  contrasts.  The  contrast  abbreviations  and  the  corresponding 
responses  studied  are  shown  in  Table  2. 

In  a second  analysis,  seven  treatments  were  selected  in  order  to 
compare  amendment  sources  at  two  fertilizer  levels.  The  seven 
treatments  were  l)  Sewage  sludge  at  11.2  Mg. ha"'';  2)  Sewage  sludge  at 
22.4  Mg. ha"  ; 3)  Poultry  manure  at  11.2  Mg. ha"'';  4)  Poultry  manure  at 
22.4  Mg. ha"'';  5)  Bentonite  clay  at  1.12  Mg. ha"'';  6)  Bentonite  clay  at 
2.24  Mg. ha  and7)  fertilizer  only.  The  two  fertilizer  levels  were 
1400  and  2800  kg. ha  as  described  previously  for  this  tomato  experi- 
ment. Analysis  of  variance  was  conducted  for  a 7x2  factorial  arranged 
in  a randomized  complete  block  design  with  three  replications  and  means 
were  compared  by  the  Duncan's  Multiple  Range  Test. 

In  the  1983  cucumber  experiment,  two  different  statistical  analysis 
were  utilized.  For  the  first  one,  analysis  of  variance  for  the  split- 
plot  design  was  utilized,  considering  the  main  plots  as  the  original  21 
treatments  applied  for  the  tomato  crop  and  the  sub-plots  as  supplemental 
NK  fertilizer  (one-half  of  original  plots  received  no  additional  NK 
application).  The  same  contrasts  defined  above  for  the  tomato  experi- 
ment presented  in  Table  2 were  considered. 

A second  type  of  analysis  was  conducted  with  the  same  seven 
treatments  mentioned  previously  with  the  two  fertilizer  levels  as 
defined  above  for  tomato.  These  seven  treatments  were  considered  with 


41 


Table  2.  Contrast  abbreviations  and  contrast  responses  for  tomato  and 
cucumber  experiments,  1983. 


Constrast 

abbreviations 


Contrast  response 


FO-L 

FO-Q 


SS-R 

SS-FL 

SS-FQ 

SS-RxFL 

SS-RxFQ 


PM-R 

PM-FL 

PM-FQ 

PM-RxFL 

PM-RxFQ 


BC-R 

BC-FL 

BC-FQ 

BC-RxFL 

BC-RxFQ 


FO  vs  BC 
SS  vs  PM 
OA  vs  lA 


Fertilizer  responses 
Linear  effect,  fertilizer  alone 
Quadratic  effect,  fertilizer  alone 

Sewage  sludge  responses 
Sewage  sludge,  rate  1 vs  rate  2 

Linear  main  effect  of  fertilizer  within  sewage  sludge 
Quadratic  main  effect  of  fertilizer  within  sewage  sludge 
Interaction  of  sewage  sludge  rate  with  linear  fertilizer 
effect 

Interaction  of  sewage  sludge  rate  with  quadratic 
fertilizer  effect 


Poultry  manure  responses 

Poultry  manure,  rate  1 vs  rate  2 

Linear  main  effect  of  fertilizer  within  poultry  manure 

Quadratic  main  effect  of  fertilizer  within  poultry 
manure 

Interaction  of  poultry  manure  rate  with  linear 
fertilizer  effect 

Interaction  of  poultry  manure  rate  with  quadratic 
fertilizer  effect 


Bentonite  clay  responses 

Bentonite  clay,  rate  1 vs  rate  2 

Linear  main  effect  of  fertilizer  within  bentonite  clay 

Quadratic  main  effect  of  fertilizer  within  bentonite 
clay 

Interaction  of  bentonite  clay  rate  with  linear 
fertilizer  effect 

Interaction  of  bentonite  clay  rate  with  quadratic 
fertilizer  effect 


Amendment  comparisons 

Means  of  fertilizer  only  vs  means  of  bentonite  clay 
Means  of  sewage  sludge  vs  means  of  poultry  manure 
Means  of  organic  amendments  vs  means  of  organic 
amendments 
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or  without  NK  application.  In  this  case,  a 7x2  factorial  combination 
was  considered  as  main  plot  and  supplemental  NK  application  as  sub- 
plot. Means  were  compared  by  the  Duncan's  Multiple  Range  Test. 

In  both  1982  and  1983  experiments,  a complete  randomized  design  was 
utilized  to  compare  treatment  effects  on  soil  organic  matter,  cation 
exchange  capacity  and  carbon  dioxide  evolution.  Means  were  compared  by 
the  Duncan's  Multiple  Range  Test. 


RESULTS 


Tomato  Experiment.  Spring,  1982 

Tomato  Fruit  Yield 

On  soil  amended  with  SS  and  PM,  tomato  plants  had  more  vigor  during 
all  the  crop  season  than  for  the  other  three  amendments. 

Tomato  yield  in  the  first  fruit  size  category  was  not  statistically 
different  among  amendment  sources.  However,  when  PM  was  used,  fruit 
yield  was  43^  more  than  for  FO  (Table  3). 

In  the  second  fruit  size  category,  tomato  plants  on  SS  and  PM 
produced  the  highest  fruit  yield  and  these  were  significantly  different 
from  that  for  FO.  Increases  of  11  and  12.7  Mg.ha"^  in  fruit  yield  were 
found  for  these  two  amendments,  respectively.  Among  the  four  organic 
amendment  sources,  no  significant  differences  were  observed  (Table  3). 

In  the  third  fruit  size  category,  the  fruit  yield  with  SS  was  75Jg 
more  than  yield  for  FO.  Yields  from  the  SS  and  PM  amendments  did  not 
differ  in  this  fruit  size  category.  However,  this  size  of  fruit  yield 
grown  on  SS  was  statistically  greater  than  from  the  other  three 
amendment  sources  (Table  3). 

Yield  in  the  smallest  size  category  was  not  statistically  affected 
by  amendment  sources  or  fertilizer  levels. 

Total  yields  ranged  from  69-5  to  99-7  Mg. ha"''.  The  highest  yield 
was  obtained  with  the  PM  amendment.  The  lowest  yield  was  observed  when 
FO  was  used  (Table  3). 
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Table  3. 


^lysis  of  variance  and  main  effect  of  amendment  and  fertilizer 
eve  s on  tomato  fruit  yield.  Tomato  experiment,  1982. 


Source  of  variation 


df 


Fruit  yield 


Size  categories'*' 


Total 


Blocks 

Amendment  (A) 
Fertilizer  level  (F) 
AxF 
Error 


Amendmentt 

SS 

PM 

FP 

CM 

FO 

F value 

Fertilizer  level  (kg.ha“^) 
1400 
2800 

F value 


Mean  square  

3 1462.35***  689.95***  116.81  3.01 

4 204.52  193.47*  134.05*  2.60 

1 46.23  155.91  29.60  0.23 

4 22.24  73.07  11.55  1.06 

27  149.27  68.00  40.66  1.63 


24.3 

37.2 

29.9 

27.3 
26.0 

NS 


27.9 

30.0 

NS 


-Fruit  yield  (Mg. ha"*”) 


32.7 

36.6 

NS 


16.5 

18.2 

NS 


2.85 

3.01 

NS 


3786.11*** 

1036.13* 

636.31 

188.36 

345.77 


38.4a7 

23.8a 

3.5 

90.0a 

40.1a 

18.9ab 

3.5 

99.7a 

34.4ab 

16.0b 

2.9 

81  .lab 

33.2ab 

14.5b 

2.4 

79.6ab 

27.4b 

13.6b 

2.3 

69.5b 

* 

* 

NS 

* 

79.9 

87.8 

NS 
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■'Mean  fruit  weight  were  as  follows:  1)  250  g,  2)  I50  g,  3)  115  g and  4) 

^^espectivlly!^''®  significant,  significant  at  the  5%  and  0.1?5  levels, 
^Amen^ent  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5^ 

tSS=^.4  Mg. ha  ''  of  sewage  sludge  from  Largo,  Florida,  PM  = 22.4  Mg.ha"''  of 
mixture  consisting  of  17.9  Mg.ha-1  of  poultry  manure  plus  475  Mg.^^  of 
Florida  peat,  FP=22.4  Mg.ha-j  of  mixture  consisting  of  17.9  Mg.ha-''  of 
lorida  peat  plus  4.5  Mg.ha  of  poultry  manure,  CM=22.4  Mg.ha"'  of 
anaerobically  digested  cow  manure  and  FO  is  fertilizer  only. 
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Total  yield  was  influenced  in  a similar  fashion  to  that  found  for 
the  fruit  in  the  second  size  category.  The  correlation  coefficients 
(Pearson  product-moment)  between  total  yield  and  size  categories  1,  2, 
3,  and  4 were  0.79,  O.9I,  0.39,  and  0.24,  respectively.  The  first  two 
coefficients  were  statistically  significant  at  the  0.1%  level  and  the 
third  at  the  5%  level  while  the  last  one  was  not  statistically  signi- 
ficant. 

Among  the  four  organic  amendments  used,  no  statistically  signifi- 
cant differences  were  observed  in  regard  to  total  fruit  yield.  However, 
use  of  these  amendments  resulted  in  an  increase  of  43^,  29^,  17%,  and 

14%  for  total  yield  for  PM,  SS,  FP,  and  CM,  respectively,  over  that  for 
FO. 

Total  fruit  yield  and  yield  in  all  sizes  categories  increased  when 
the  level  of  fertilizer  was  increased  from  I400  to  2800  kg.ha“”*. 

However,  no  significant  difference  was  detected  between  fertilizer 
levels  for  all  size  categories  and  total  yield. 

Soil  Analysis 

Nitrogen  Availability 

Amendment  source  and  fertilizer  level  both  affected  the  forms  of 
soil  N extracted  at  four  dates  after  application  of  treatments  (Table 
A-3). 

Main  effects  of  amendment  sources  and  fertilizer  levels  were 
statistically  significant  for  all  forms  of  soil  N extracted  at  all 
sampling  dates.  Interaction  between  these  two  factors  was  significant 
at  7 days  for  NhJ-N  in  water,  NH|-N  in  1 _M  KCl,  and  available  total  N. 
Also,  interaction  was  significant  at  70  and  110  days  for  NOj-N  (Table 
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A-3).  Main  effect  for  amendments  and  fertilizer  levels  was  considered 
when  interaction  effect  was  not  significant. 

Nitrate  level  in  soil  sampled  during  the  growing  season  was  highest 
at  40  days  after  application  of  treatments.  This  was  observed  for  all 
amendment  sources  except  for  sewage  sludge,  in  which  case  the  highest 
nitrification  occurred  in  samples  taken  at  70  days. 

At  7 days,  the  main  effect  for  SS  differed  statistically  from  that 
of  the  other  amendment  sources  and  generated  13,  14,  14,  and  24  mg. kg"'’ 
more  NO3-N  than  did  the  PM,  FP,  CM,  and  FO  amendments,  respectively. 

At  40  days,  PM  was  statistically  different  for  NO3-N  from  the  other 
four  amendment  sources  and  generated  1.6  and  2.0  times  more  N0"-N  than 

that  found  for  the  average  of  the  three  organic  sources  and  FO,  respec- 
tively. 

Ammonium  N in  water  extract  and  exchangeable  NH+-N  concentration 
decreased  from  7 to  110  days  after  application  of  treatments  for  all 
amendment  sources.  Decreases  of  94,  87,  93,  89,  and  S3%  for  NH+-N  in 
water  and  91,  93,  91,  33,  and  90^  for  exchangeable  NH^-N  from  7 to  110 
days  were  observed  with  SS,  PM,  FP,  CM,  and  FO  amendments,  respectively 
(Table  4).  At  all  sampling  dates,  SS  and  PM  gave  the  highest  NHJ-N  in 
water  and  exchangeable  NH^-N  concentrations  and  these  values  were 
significantly  different  from  the  other  three  amendments  (Table  4). 

Available  total  N also  decreased  from  7 to  110  days  for  all 
amendment  sources.  Decreases  of  83,  89,  91,  88,  and  89^  from  7 to  110 
days  were  observed  with  SS,  PM,  FP,  CM,  and  FO  amendments,  respectively. 

The  average  of  the  available  total  N among  all  organic  amendments 
compared  with  FO,  generated  135,  60,  123,  and  80%  more  available  N at  7, 
40,  70,  and  110  days  after  application  of  treatments,  respectively. 
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Highest  available  total  N concentrations  were  maintained  with  SS 
and  PM  during  the  crop  season.  These  two  treatments  were  significantly 
4i44srent  from  the  other  three  amendment  sources  throughout  the  season. 

Statistical  difference  for  main  effect  of  fertilizer  was  found,  at 
^41  four  dates,  for  NO^-N,  NH^-N  in  water,  exchangeable  NH^-N  and 
available  total  N concentration  (Table  A-3).  As  expected,  the  higher 
level  of  fertilizer  generated  higher  concentration  of  all  forms  of  soil 
N extracted  at  all  soil  sampling  dates  (Table  4). 

Interaction  means  between  amendment  source  and  fertilizer  level  are 
presented  in  Table  5«  At  7 days  for  both  fertilizer  levels,  NH^-N  in 
water,  exchangeable  NH|-N  and  available  total  N concentration  were 
highest  with  SS  and  PM  amendments.  These  two  amendment  sources  were 
significantly  different  from  the  other  three  amendment  sources.  At  a 
fertilizer  level  of  I4OO  kg. ha  SS  and  PM  were  significantly  different 
from  each  other  in  regard  to  NH|-N  in  water  and  available  total  N. 
However,  at  the  level  of  2800  kg.ha~\  these  values  were  not 
significantly  different. 

At  70  and  110  days,  SS  amendment  at  both  fertilizer  levels 
generated  significantly  more  NOj-N  concentration  than  the  other  four 
amendments.  Nitrate-N  concentration  generated  by  PM  was  significantly 
*4444’si^6rit  from  that  of  FP,  CM  and  FO  at  both  rates  and  all  sampling 
dates.  No  statistically  significant  difference  among  FM,  CM  and  FO  was 
observed  for  NO^-N  concentration  at  both  sampling  dates  and  fertilizer 
levels  (Table  5). 

Percentages  of  exchangeable  NH+_n  coming  from  fertilizer  at  7 and 
40  days  after  application  of  treatments  were  estimated  using 
depleted  tracer  fertilizer  and  are  shown  in  Fig.  2. 
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Fig. 


2. 


Interactxon  and  main  effect  of  amendment  and  fertilizer  level 
on  exchangeable  NH^-N  and  N from  fertilizer  at  two  dates  after 
application  of  treatments.  Tomato  experiment , ^ 1982.  (fiean 
S^lev^Jr  amendments  by  Duncan’s  Multiple  Range  Test, 


*SS  2^^4  Mg. ha  ^ of  sewage  sludge  from  Largo,  Florida,  PM=22.4 

olufl  of  poultry  munure 

plus  4.5  Mg. ha  of  Florida  peat,  FP=22.4  Mg.ha"^  of  mixture 

consisting  of  17.9  Mg.ha~1  of  Florida  peat  plus  4.5  Hg.ha'^  of 
poultry  manure,  CH-22.4  Mg. ha  ^ of  anaeorbic  digested  cow 
manure  and  FO  is  fertilizer  only.  The  sequence  of  amendments 
at  7 days  for  F2  and  at  40  days  is  the  same  as  that  at  7 days 
for  Fi • 
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At  7 days,  the  interaction  for  NH+-N  between  amendment  sources  and 
fertilizer  levels  was  statistically  significant  (Table  A-3).  When 
fertilizer  was  applied  at  2800  kg,ha-^  the  percentage  of  exchangeable 
NHJ-N  coming  from  fertilizer  with  SS,  PM,  FP,  CM,  and  FO  was  15,  20,  46, 
57,  and  67^,  respectively.  At  the  fertilizer  level  of  I4OO  kg.ia-'',  the 
exchangeable  NH+-N  concentration  was  lower  than  at  2800  kg. ha"''  for  all 
amendment  sources.  However,  the  percentages  of  exchangeable  NH|-N  that 
came  from  fertilizer  were  quite  similar.  These  percentages  were  10,  I3, 

39,  57,  and  52%  for  the  same  order  of  amendments  as  given  for  the  higher 
fertilizer  rate. 

At  40  days,  the  concentration  of  exchangeable  NH+-N  decreased, 
especially  for  SS  and  PM.  The  percentages  of  exchangeable  NH+-N  that 
came  from  fertilizer  were  10,  I3,  30,  38,  and  51%  for  SS,  PM,  FP,  CM, 
and  FO,  respectively.  The  percentage  of  exchangeable  NH+-N  coming  from 
fertilizer  was  significantly  affected  at  40  days  by  fertilizer  level 
(Table  A-3);  fertilizer  applied  at  2800  kg. ha"''  provide  statistically 

higher  N percentage  from  fertilizer  than  for  the  level  at  I40O  kg.ha'^ 
(data  not  shown). 

Soil  Reaction,  Electrical  Conductivity  and  Moisture 

Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer 
level  on  soil  pH,  electrical  conductivity  (EC)  and  moisture  content  at 
four  dates  after  application  of  treatments  is  presented  in  Table  A-4. 
During  the  cropping  season,  the  values  for  pH  and  EC  were  highest  when 
SS  and  PM  were  used  (Table  6).  The  pH  values  for  these  two  treatments 
did  not  differ  from  each  other  at  all  four  sampling  dates.  However,  EC 
values  were  always  highest  from  the  SS  and  differed  statistically  from 
all  other  treatments  at  all  four  dates  considered. 


ciiutriiUUJi;:;!!  i/  cHlU. 


52 


-p 

CO 

-P 

G 

C 

o 

o 

(U 

-p 

ra 

•H 

O 

H 


OJ 

CO 

CT\ 


T> 

C - 

CO  -P 
C 

U <U 

w a 

•H 
~ p 

ac  cu 
ft  ft 
X 

iH  CD 

•H 

W -P 

c § 
o o 

H 

-I 

CD 

> . 

<D  OJ 
H -P 
C 

P CD 

<D  a 


N 

H 


-P 
CO 
0) 
H p 
P 
P 

1)  'H 
H O 

G 

O 

•H 

-P 

05 

O 


ft 

ft 

05 

U 

-2 

CO 

CD 

CO 

■G 

P 

3 

O 


-P 

CQ 

•H 

O 

s 


u 

w 


60 

ti 


CO 

T) 


m 

>> 

T3 

O 


cc 

ft 


CO  m CO  C7^ 
iT\  cn  VO  Tt  CO 

T-  r-  T-  T-  a 


o 

jQ 

rj- 


CO  ^ O 

00  m o 

VO  ITi  T-  C^ 


m r<>  fc>i  (M  roj 


o o 

G CO  ,Q  4)  O 

® T-  m rc\  ro 

CTi  CO  Tj-  m cvi 

• • • • • >|e 

ifv  iTi  cn  m iTi  * 

* 


o 

p 

3 

-P 

to 

*H 

O 

s 


u 

w 


60 

X 

ti 


CQ 

r-  >, 

'a^ 

CO  C^ 
"G 


a: 

ft 


OK^M^O-cJ- 

O T-  T-  T-  o CO 
CM  CM  CVJ  CM  CM  S 


T3 

G ^ O O -G 
OV  CM  CTi  OV  T- 

vo  VO  m 


IT\  CM 


* 

* 


G G ,0  ^ ^ 

V in  hO|  o CT\ 

^ CM  IfV  CM 

* • • • • 

VO  VO  m m iT\ 


cn  iT\ 

LTi  IT\ 


•>0-  VO 
CO 


$ 


cr>  CO 

O O CO 
CM  CM  2; 


o o 

O VO 


CM  CM 


o ^ 
tN  c^ 

• • CO 

cft  m a 


m 

-p 

G 

G 

a 

-p 

G 

G 

P 

H 


+ 

-P 

G 

G 

a 

"G 

G 

G 

a 


<U  S 

D • 

rH 

CO  M 
> ■w' 

ft  >-H 
G 


CO  S ft  s o 
CO  ft  ft  O ft 


-p 

p 

G 

ft 


§ 

rH 

ft 


o o 
o o 

CO 
T-  CM 


ra 

G 

T3 


CO  K\ 
m VO 

• • CO 

m loi  3 


m 

G 

■G 

O 

t- 


,Q 

G G G -O 
O VO  CO  CM  O 
ITV  'M-  K>  ro  r<^ 


G J3  XI  ^ 43 
O O ■rt-  O ITv 
roy  T-  00  CTi 

•••••* 

rev  CM  CM  * 
♦ 


XI  X 

G G G G X 

CtS  in  ^ OV 

X t>-  VO  X m 

• • • • • jK 

m m m m in  =(e 


X 

G G G G X 
T-  CM  C5S  CM  OV 
CM  T-  O O 00  * 

T—  r—  ^ T-  * 


G X X X X 

X CO  CM  m 

X in  m o m 

• • • • • 3^ 

rev  m m rev  * 

* 


X 

G G G G X 
OmCJ\T-T- 

X X in  CM 

• ••••* 

IX  in  in  in  in  ♦ 


o ov 
m CO 


CM 
CM  rx 

• • X 

rx  m 2: 


in  X 

• • CO 

in  m a 


X CO 

o o X 

T-  T-  z 


o X 

t>  ov 

• • CO 

rx  rx  a 


O 

in 


X in 


CO 


JS 

ti 

M 


G 

3 

rH 


ft 


X 

G 

G 

a 

T3 

G 

G 

a 

<< 


Efts 
ft  ft  u 


X 

p 

G 

ft 


o o 
o o 

X 
r-  CM 


•H 

X 

o 

G 

ft 

m 

G 

p 

« X 


m 

CO 

X 

0) 

G 

H 

> 

G 

P 

X 

to 

c 

CO 

T“ 

cc; 

• 

o 

o> 

rH 

T3 

04 

G 

•«H 

G 

-P 

rH 

0 

X 

s 

CO 

— 

in 

c 

CO 

G 

o 

X 

c 

X 

3 

p 

X 

G 

>* 

rO 

X 

G 

01 

G 

c 

O 

g 

•H 

0 • 

ft 

rH  0) 

•H 

O -P 

g,  “ i 

•H  G a 

ra  -H  X 
X G • 
•>  X 0)  ra 
X -H  c 
a X o 


G 

G 

o 


ft  -H 


G ft  X 
O O G 


X 

O 

a 

* 

* 

* 


a 


G 


X G 
GOG 
P -H  p 
G X X 
ft  G X 
G O 
ra  -H 

iH  U 

G ft  O 
G ft  ft 
G G 

rx 

p 


•>  X 0)  (1) 

♦ G X rH 

♦ G ft  X 
a G G 

>■  '3  H 

♦ G ra 

G >>  G 

•>  a (fl  (1) 
X •<  Q X 

a >>  < + 


53 


Soil  moisture  content  was  highest  when  organic  amendment  sources 
were  applied  compared  to  that  where  inorganic  fertilizer  was  used.  This 
held  throughout  the  crop  season  (Table  6).  This  effect  was  more  rele- 
vant at  70  days  after  application  of  treatments  (after  a long  period  of 
low  rainfall).  At  this  time,  all  organic  sources,  except  CM,  differed 
statistically  in  moisture  content  than  that  for  the  FO  treatments. 

At  110  days,  soil  moisture  content  with  SS  was  statistically  higher 

than  from  CM  and  FO,  but  this  was  not  statistically  significant  from  PM 
and  FP  amendment  sources. 

Level  of  fertilizer  did  not  significantly  affect  soil  pH  or 
moisture  content  at  all  four  soil  sampling  dates  (Table  A-4). 

Electrical  conductivity  tended  to  be  slightly  higher  with  2800  kg.ha’l 
of  fertilizer  and  was  significantly  different  from  the  level  of  I400 
kg. ha  at  7 and  40  days  after  application  of  treatments  (Table  6). 

Soil  reaction  at  7 days  showed  a significant  positive  correlation 
with  EC,  NH+-N  in  water,  concentrations  of  Ca,  K,  and  Cl.  Significant 
correlations  at  40  days  were  found  between  pH  and  EC,  NO^-N,  NH^-N  in 
water,  Ca,  Mg,  K,  Cl,  and  moisture  content.  However,  no  statistically 
significant  correlation  between  pH  and  the  above  measurements  was 
observed  at  70  and  110  days  (Table  7). 

Soil  EC  was  negatively  correlated  with  moisture  content  only  at  110 
days.  With  all  other  above  soil  values,  the  correlation  coefficient  was 
positive  (Table  7).  Except  with  soil  pH  at  70  and  110  days,  all 
combinations  of  correlation  coefficients  were  significant.  Soil  NO'-N, 
NH4-N,  Ca,  Mg,  K,  and  Cl  showed  an  average  correlation  coefficient 

(average  of  4 dates)  »ith  EC  of  0.59,  0.72,  0.51,  0.62,  0.70,  and  0.68, 
respectively. 
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^il  Organic  Matter  and  Cation  Exchange  Capacity 

Analysis  of  variances  for  pH  measured  in  CaCl2,  organic  matter  (OM) 
and  cation  exchange  capacity  (CEC)  are  indicated  in  Table  8.  At  7 days, 
only  CEC  was  statistically  different  among  amendment  treatments. 

Because  CEC  is  greatly  influenced  by  pH-dependent  properties,  the 
pH  values  in  0.5  1 CaCl2  were  recorded.  Soil  pH  values  in  CaCl2 
slightly  lower  than  corresponding  pH  values  observed  in  water  at  7 and 
70  days  after  application  of  treatments  (Tables  7 and  9).  The  soil  pH 
values  decreased  in  all  amendment  sources  from  7 to  150  days.  However, 
no  statistically  significant  differences  among  treatments  were  observed 
at  7,  70,  and  150  days  (Table  8). 

The  organic  amendments  measureably  increased  soil  OM  content 
compared  to  that  for  FO  treatment.  The  average  OM  value  among  the  four 
organic  amendments  was  25,  25,  and  32%  higher  than  for  values  obtained 
for  soil  with  FO  at  7,  70,  and  150  days,  respectively  (Table  8). 

The  highest  OM  values  were  obtained  with  SS  amendment  at  all 
sampling  dates.  Organic  matter  values  remained  almost  constant  during 
the  period  sampled  and  this  was  observed  for  all  amendment  sources. 

Cation  exchange  capacity  decreased  between  the  7 to  150  day  sample 
times  in  all  treatments  (Table  8).  At  7 days,  utilization  of  SS,  PM, 
and  FP  gave  the  highest  values  but  these  were  not  statistically 
different  from  each  other.  However,  these  above  amendments  were 
statistically  different  from  that  for  FO.  The  average  CEC  for  soil  with 
organic  amendments  (mean  of  four  organic  sources)  was  48,  20,  and  8% 

higher  than  the  CEC  found  for  soil  with  FO  amendment  at  7,  70,  and  150 
days,  respectively  (Table  8). 
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Carbon  Dioxide  Evolution 

The  analysis  of  variance  and  the  cumulative  CO2-C  evolved  with  time 

for  soil  with  both  amendment  sources  and  fertilizer  levels,  are  shown  in 

Table  A-5  and  Fig.  3.  Trends  in  cumulative  CO2-C  with  time  for 

amendment  sources  were  similar.  From  0 to  I3  days  of  incubation,  80, 

82,  77,  77  and  70%  of  the  total  cumulative  CO2-C  were  evolved  from  SS, 

PM,  FP,  CM  and  FO,  respectively.  Throughout  the  incubation  period,  PM 

had  the  highest  values  for  cumulative  CO2-C.  For  all  soil  sampling 

dates,  these  values  differed  statistically  from  the  other  four 

amendments.  The  lowest  values  for  CO  r 

lor  LU2-C  evolution  were  obtained  with  FO 

and,  except  at  the  third  date,  these  values  were  not  statistically 

different  from  those  obtained  with  CM  treatment  (Table  A-5  and  Fig.  3). 

With  increase  in  fertilizer  level,  the  higher  rate  gave  CO^-C 
evolution  always  more  cumulative  than  that  at  the  lower  rate. 

Ion  Concentration  in  Soil  Water  Extract 

Statistical  analysis  of  soil  water  extractable  nutrients  indicated 
tiat  significant  differences  occurred  among  amendment  sources  for  all 
nutrients  (except  for  P at  7 days)  and  at  all  soil  sampling  dates  (Table 
A-6).  For  fertilizer  levels,  only  K at  7 days,  Ca  at  40  days  and  Ca,  K, 
and  P at  110  days  showed  statistically  significant  differences  between 
the  two  fertilizer  levels.  The  concentrations  of  Ca,  Mg,  K,  P,  and  Cl 
during  the  cropping  season  are  shown  in  Table  9.  Highest  Ca  and  K 
values  were  obtained  with  SS  and  PM  amendments.  These  amendments  did 
not  differ  statistically  from  each  other,  but  they  were  statistically 
higher  from  the  other  three  amendment  sources,  at  all  soil  sampling 


dates. 
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DAYS  OF  INCUBATION 


Fig.  3. 


Main  effect  of  amendment  and  fertilizer  level  on  cumulative 
carbon  dioxide  production.  Tomato  experiment,  1982. 

See  Figure  2 for  abbreviations* 
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Magnesium  values  were  highest  with  SS,  which  were  statistically 
different  from  the  other  treatments  at  all  four  dates  considered. 
Phosphorus  and  Cl  values  also  were  highest  with  SS.  Differences  in  P 

values  among  amendment  sources  were  not  consistent  during  the  cropping 
season. 

Under  plastic  mulching  conditions,  decrease  in  Cl  values  were  41 , 

51,  49,  29,  and  from  7 to  110  days  for  SS,  PM,  FP,  CM,  and  FO, 
respectively. 

Tissue  Analysis 

Nitrogen  Uptake  by  Leaf  and  Fruit 

A-andment  sooroes  and  fertilizer  lerela  had  etatiatioally  aignifi- 
oant  effects  on  tissue  N as  well  as  on  percentage  of  N that  case  from 
fertilizer  in  tomato  leaf  and  fruit  (Table  A-7). 

For  tomato  leaf  tissue,  the  concentration  of  N was  highest  when  SS 
and  PM  amendments  were  used  (Fig.  4).  Significant  difference  in  N up- 
take was  observed  between  these  two  amendment  sources  compared  to  others 
at  63  and  93  days  after  transplant.  The  average  leaf  tissue  N concen- 
trations from  tomato  grown  on  SS  and  PM  amended  soil  were  21,  35,  and 
39^  higher  than  the  average  means  among  FP,  CM,  and  FO  at  41 , 63,  and  93 
days  after  transplant,  respectively.  Lowest  uptake  of  N occurred  when 

FO  was  used  and  continued  to  be  so  at  all  three  dates  that  leaf  samples 
were  taken. 

The  percentage  of  tissue  N that  came  from  fertilizer  N showed  an 
inverse  trend  to  that  observed  for  tissue  N concentration  (Fig.  4). 

Lowest  values  of  N from  fertilizer  were  observed  for  SS  and  PM 
treatments.  At  each  leaf  tissue  sampling  date,  FO  was  significantly 
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DAYS 


Fig.  4. 


lain  effect  of  amendment  sources  on  tomato  leaf  tissue  N and- N 
from  fertilizer.  Tomato  experiment,  1982.  (Mean  separation 
between  amendments  by  Duncan's  Multiple  Range  Test,  b%  level) 
See  Figure  2 for  abbreviations.  The  sequence  of  amendments  at 
0:5  and  95  days  is  the  same  as  that  at  41  days. 
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different  from  SS  and  PM  amendments  in  regard  to  the  percentage  of  N 
from  fertilizer  (Fig.  4). 

Total  N concentration  in  tomato  fruit  was  lower  than  observed  for 
tomato  leaf  tissue  (Fig.  5).  However,  N concentration  in  the  tomato 
fruit  was  almost  the  same  among  amendments  during  the  cropping  season. 
Highest  N concentration  occurred  with  SS  followed  by  that  for  PM.  As 
observed  for  tomato  leaf,  the  lowest  N concentration  in  the  fruit  was 

found  with  FO  and  this  was  statistically  different  from  SS  and  PM  during 
the  cropping  season. 

The  percentage  of  total  N coming  from  fertilizer  in  fruit  showed 
similar  trends  to  those  observed  in  tomato  leaf  at  all  sampling  dates. 
Increases  in  total  N concentration  was  associated  with  decrease  in  the 
percentage  of  N coming  from  fertilizer. 

At  the  first  two  tomato  fruit  sampling  dates,  N from  fertilizer  for 
FP,  CM,  and  FO  treatments  did  not  differ  statistically  from  each 
other.  However,  at  all  three  fruit  samplings,  fruit  from  SS  and  PM  had 
significantly  less  N from  fertilizer  than  found  for  FP,  CM,  or  FO 
treatments  and  there  was  no  difference  between  SS  and  PM  (Fig.  5). 

Mam  effects  of  fertilizer  levels  on  tissue  N concentration  and  N 
derived  from  fertilizer  for  tomato  leaf  and  fruit  are  shown  in  Table 
10.  An  increase  in  the  amount  of  fertilizer  applied  resulted  in  a 

higher  N concentration  in  fruit  tissue  and  a higher  amount  of  N coming 
from  fertilizer  N. 

Significant  difference  beteeen  the  two  fertilizer  levels  for  tissue 
N was  observed  at  4I , 63,  and  93  days  for  leaf  and  63  and  85  days  for 
fruit  (Table  A-7). 
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Fig.  5. 


amendment  sources  on  tomato  fruit  II  and  N from 
ertilizer.  Tomato,  1982.  (Mean  separation  between  amendments 
by  Duncan  s Multiple  Range  Test,  5%  level). 

abbreviations.  The  sequence  of  amendments  at 
Ob  and  106  days  is  the  same  as  that  at  63  days. 
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Table  10. 


Main  effect  of  fertilizer  levels  on  tissue  N 
from  fertilizer  for  tomato  leaf  and  fruit  at 
transplant.  Tomato  experiment,  1982. 


concentration  and 
three  dates  after 


N 


Fertilizer  level 

Leaf 

Fruit 

Days 

alter  transplant 

41 

63 

93 

63 

85 

106 

1400 

2800 

F value 

40.8 

43.8 
* 

30.6 

34.5 

*** 

26.0 

29.1 

*** 

21 .6 
22.4 
* 

fertilizer,  g.kg"^ 

3.8 

5.0 

** 

22.1 

23.8 

** 

21 .3 

22.3 

NS 

1400 

2800 

F value 

8.5 

11.5 

*** 

4.0 

7.1 
*** 

2.8 

4-7 

*** 

3.9 

5.9 

2.8 

4.7 

** 

!JS,  *,  **,  ***F  value  not  significant,  significant  at  the  5%, 
levels,  respectively. 


1%  and  0.1% 
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Fertilizer  at  2800  kg.ha'''  increased  leaf  N and  percentage  of  total 
N coming  from  fertilizer  in  leaf  when  compared  to  those  at  the  lower 
fertilizer  level.  These  fertilizer  rate  effects  at  4I  days  resulted  in 
a 7%  increase  in  leaf  tissue  N and  a 35^  increase  in  N derived  from 
fertilizer.  At  63  days,  the  increase  in  leaf  N due  to  the  higher 
fertilizer  level  was  and  the  increase  in  N derived  from  the 
fertilizer  was  43%.  At  93  days,  leaf  N and  percentage  of  the  leaf  N 

that  came  from  the  higher  fertilizer  level  increased  10  and  40%, 
respectively. 

In  fruit,  the  N concentration  and  percentage  of  total  N coming  from 
fertilizer  increased  both  with  an  increase  in  fertilizer  level  from  2800 
kg. ha  ''  to  1400  kg.iH-1.  These  effects  of  fertilizer  at  the  higher  rate 
were  3 and  24%  at  63  days,  7 and  34^  at  85  days  and  4 and  40%  at  106 

days  for  fruit  N and  percentage  of  N derived  from  fertilizer, 
respectively. 

Concentration  in  Leaf  and  Fruit 
Amendment  source  and  fertilizer  level  effects  on  leaf  tissue 
macronutrients  at  three  dates  after  transplant  are  shown  in  Table  11. 

Leaf  samples  taken  throughout  the  season  changed  in  mean  concentrations 
of  Ca,  Mg,  K,  and  P,  but  did  not  show  significant  differences  for  main 
effect  of  fertilizer  levels  or  interaction  between  amendment  sources  and 
fertilizer  levels.  The  main  effect  of  amendment  sources  on  nutrient 
concentration  on  leaf  tissue  was  statistically  significant  for  Mg  at  41 
days  and  93  days;  for  K at  41 , 63,  and  93  days;  and  for  P at  93  days 
after  transplant  (Table  11).  Calcium  concentration  was  not  influenced 
by  amendment  source  and,  in  general,  showed  little  fluctuation  during 
the  season  for  all  amendment  sources. 
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Both  K and  P concentrations  decreased  from  41  to  93  days  after 
transplant.  The  Mg  concentration  decreased  from  4I  to  63  days  and  then 
increased  from  63  to  93  days.  Application  of  SS  and  PM  amendments 
resulted  in  highest  tissue  content  of  Ca,  Mg,  K,  and  P at  all  three 
sampling  dates.  Lowest  concentration  of  these  nutrients  in  the  leaf 
always  was  observed  when  FO  was  used. 

Amendment  source  and  fertilizer  level  effects  on  macronutrients 
concentration  of  tomato  fruit  at  three  dates  after  transplant  are  shown 
in  Table  12.  Interaction  effect  between  amendment  and  fertilizer  levels 
was  not  statistically  significant  during  the  cropping  season.  Nutrient 
concentration  in  immature  fruit  sampled  at  63  days  after  transplant  (22 
days  before  the  first  harvest)  indicated  a significant  difference  only 
for  main  effect  of  amendment  source  on  Ca  concentration.  Highest  Ca 
concentration  was  found  with  SS  and  PM,  whereas  lowest  Ca  concentration 
was  found  when  FO  was  used. 

Mature  fruit  sampled  at  85  days  after  transplant  (first  harvest) 
indicated  significant  differences  for  both  main  effect  of  amendment  and 
fertilizer  level  on  Ca,  Mg,  and  K concentrations.  Calcium  concentration 
was  highest  with  PM  and  differed  statistically  from  Ca  content  for  the 
other  four  amendment  sources.  This  significant  difference  was  not 
observed  for  later  fruit  samples.  Magnesium  and  K concentrations  were 
highest  with  SS  and  PM  and  both  showed  significant  differences  from  FO 
treatment.  Concentration  of  Ca,  Mg,  and  K of  tomato  fruit  at  85  days 
were  significantly  higher  for  the  higher  fertilizer  rate. 

For  mature  fruit,  sampled  at  106  days  after  transplant  (near  the 
end  of  fruiting  period),  the  analysis  of  variance  indicated  significant 
difference  for  main  effect  of  amendment  source  on  Mg,  K,  and  P 


Table  12.  Analysis  of  variance  and  main  effect  of  amendment  sources  and  fertilizer  levels  on  macronutrient 
concentration  of  tomato  fruit  at  three  dates  after  transplant.  Tomato  experiment,  1982. 
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concentrations.  Magnesium  and  K concentration  were  highest  with  SS  and 
both  were  statistically  different  from  the  other  four  amendment 
sources.  Also,  P concentration  was  highest  with  SS  but  was  only 
statistically  significant  over  those  for  CM  and  FO  amendments. 

Analysis  of  variance  for  the  effect  of  amendment  source  and 
fertilizer  level  on  Cd,  Mn,  Zn,  Fe,  A1  and  Cu  concentration  on  tomato 
leaf  and  fruit  at  three  dates  after  transplant  is  shown  in  Table  A-8. 

The  concentration  of  these  elements  in  tomato  leaf  and  fruit  tissue  at 
all  three  sampling  dates  differed  with  amendment  sources  but  were  not 
influenced  by  fertilizer  level. 

At  the  early  cropping  season  or  4I  days  after  transplant  (except 
for  Al),  the  main  effect  of  amendment  sources  for  all  nutrients 
determined  in  leaf  indicated  a significant  difference  between  SS  and  all 
other  amendment  sources  (Table  13).  Increase  in  fertilizer  level  also 
gave  a significant  increase  in  uptake  of  Zn  and  Cu. 

In  mid-season,  at  63  days  after  transplanting,  uptake  of  Cd,  Al, 
and  Cu  were  significantly  different  among  amendment  sources  (Table 
13).  Concentration  of  these  elements  in  tomato  leaf  was  highest  with  SS 
and  was  statistically  different  from  those  with  FO.  No  statistically 
significant  effect  was  observed  between  fertilizer  levels  on  the 
concentrations  of  Cd,  Mn,  Zn,  Al,  and  Cu  in  tomato  leaf. 

Later  in  the  crop  season,  at  93  days  after  transplant, 
concentration  of  the  above  elements  showed  significant  differences  among 
amendment  sources  (Table  13).  With  SS,  concentration  of  all  nutrients 
was  highest  and  was  significantly  different  from  all  other  four  amend- 
ment sources.  Fertilizer  level  effect  was  statistically  different  only 
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Table  13.  tfein  effect  of  amendment  source  and  fertilizer  levels  on  Cd,  Mn, 

Zn,  Fe,  A1  and  Cu  concentration  of  tomato  leaf  at  three  dates  after 
transplant.  Tomato  experiment,  1982. 


Treatment 

Cd 

Mn 

Zn 

Fe 

A1 

Cu 

-1 

Amendment"^ 

41 

days  after 

transplant 

SS 

0.59a^ 

203a 

43a 

109a 

142 

9.0a 

PM 

0.36b 

147b 

26b 

86b 

86 

6.8b 

FP 

0.38b 

107c 

26b 

90b 

103 

5.9bc 

CM 

0.34b 

108c 

26b 

82b 

91 

5.3cd 

FO 

0.31b 

81c 

24b 

84b 

87 

4*6d 

F value 

*** 

*** 

*** 

*** 

NS 

*** 

Fertilizer  level  (kg.ha“^) 

1400 

0.44 

127 

25 

90 

88 

5.9 

2800 

0.44 

132 

33 

91 

115 

6.8 

F value 

NS 

NS 

*** 

NS 

NS 

** 

Amendment'*’ 

63  days  after 

transplant 

SS 

0.54a 

261 

39 

91 

189a 

6.8a 

PM 

0.31b 

262 

33 

82 

150abc 

5.2ab 

FP 

0.30b 

302 

26 

66 

I60ab 

3.2bc 

CM 

0.35b 

277 

39 

61 

107bc 

4.46c 

FO 

0.31b 

249 

27 

72 

135bc 

2.8c 

F value 

* 

NS 

NS 

NS 

* 

*** 

Fertilizer  level  (kg.ha“^) 

1400 

0.34 

286 

31 

73 

146 

4*6 

2800 

0.34 

295 

37 

76 

150 

4.4 

F value 

NS 

NS 

NS 

NS 

NS 

NS 

Amendment'*’ 

93  days  after 

transplant 

SS 

0.91a 

84a 

56a 

123a 

121a 

8.3a 

PM 

0.51b 

55b 

42b 

85b 

88b 

4.3b 

FP 

0.48b 

77ab 

48a  b 

76bc 

100b 

2.9c 

CM 

0.47b 

74ab 

46b 

75c 

100b 

3.3bc 

FO 

0.38b 

51b 

47ab 

68  c 

83b 

2.8c 

F value 

*** 

* 

* 

*** 

* 

Fertilizer  level  (kg. ha’""') 

1400 

0.47 

70 

48 

86 

100 

4.0 

2800 

0.61 

68 

47 

85 

95 

4.7 

F value 

** 

NS 

NS 

NS 

NS 

** 

NS,  *,  **,  value  not  significant,  significant  at  the  5%,  1%  and 

levels,  respectively. 

^Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5% 
level. 

’’’See  Table  3 for  abbreviations. 
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for  Cd  and  Cu  concentration.  Higher  concentration  of  both  Cd  and  Cu  in 
the  leaf  was  found  at  the  higher  fertilizer  level. 

Immature  fruit  samples  (63  days  after  transplant)  indicated 
significant  differences  existed  among  amendment  sources  for  Mn,  Zn  and 
Cu  concentrations  (Table  A-8).  Highest  concentration  of  these  three 
elements  occurred  with  SS  and  lowest  for  FO  (Table  14).  Main  effect  of 
fertilizer  level  was  not  significant  for  these  elements. 

At  85  days  after  transplant  (first  fruit  harvest),  significant 
differences  among  amendment  sources  were  found  for  Mn,  Al,  and  Cu 
concentrations.  At  this  time,  Mn  and  Cu  concentration,  at  the 
fertilizer  level  at  2800  kg.ha"**,  was  statistically  significant  from  the 
1400  kg.ha“"*  fertilizer  level. 

At  the  last  fruit  sampling,  except  for  Al  and  Cd,  all  other  listed 
elements  were  affected  significantly  by  amendment  sources  (Table  I4). 
Highest  Mn,  Zn,  Fe,  and  Cu  concentration  were  observed  with  SS, 

(iiffsring  statistically  from  the  other  four  amendment  sources. 

Increased  fertilizer  levels  did  not  affect  significantly  these  elements 
concentrations  in  tomato  fruit. 

Cucumber  Experiment.  Fall,  1982 

Cucumber  Fruit  Yield 

Residual  effects  of  organic  amendment  and  fertilizer  levels  from 
the  prior  tomato  experiment.  Spring  1982,  were  evaluated  by  seeding 
cucumber  in  the  Fall  of  the  same  year  on  original  plots  for  tomato. 

Analysis  of  variance  indicated  statistical  significance  for  main 
effect  of  amendment  on  both  early  and  final  average  fruit  weight  and  on 
fruit  yield  (Table  15) • Main  effect  of  fertilizer  level  and  interaction 
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Table  ^4■•  Main  effect  of  amendment  source  and  fertilizer  level  on  Cd,  Mn,  Zn, 
Fe,  A1  and  Cu  concentration  of  tomato  fruit  at  three  dates  after 
transplant.  Tomato  experiment,  1982. 


Treatment 

Cd 

Mn 

Zn 

Fe 

A1 

Cu 

Amendment'*’ 

yg'kg"'' 

63 

mg. kg”"’  

days  after  transplant 

SS 

2.0 

22ai* 

43a 

109a 

142 

9.0a 

PM 

1.9 

12b 

26b 

86b 

86 

6.8b 

FP 

2.0 

14b 

26b 

90b 

103 

5.9bc 

CM 

2.1 

14b 

26b 

82b 

91 

5.3cd 

FO 

1.7 

15b 

24b 

84b 

87 

4.6d 

F value 

NS 

** 

** 

NS 

NS 

*** 

Fertilizer  level  (kg.ta* 

1400 

1.9 

14 

23 

41 

45 

5.2 

2800 

2.0 

17 

25 

43 

42 

5.4 

F value 

NS 

NS 

NS 

NS 

NS 

NS 

Amendment"*" 

85 

days  after 

transplant 

SS 

1.8 

26a 

27 

27 

28b 

6.8a 

PM 

1.9 

15b 

28 

22 

40a 

5.7ab 

FP 

1.8 

16b 

25 

23 

24b 

4.8bc 

CM 

1.6 

15b 

23 

23 

23b 

4.8bc 

FO 

1.7 

18b 

21 

20 

21b 

3.8c 

F value 

NS 

*** 

NS 

NS 

* 

*** 

Fertilizer  level  (kg. ha' 

1400 

1.7 

15 

23 

22 

29 

4.8 

2800 

1.8 

21 

26 

24 

26 

5.5 

F value 

NS 

*** 

NS 

NS 

NS 

* 

Amendment"*" 

106 

days  after 

transplant 

SS 

1.3 

28a 

26a 

45a 

25 

7.2a 

PM 

1.1 

14c 

22b 

28b 

23 

5.3b 

FP 

1.1 

14c 

18c 

21b 

23 

3.4c 

CM 

1.0 

14c 

18c 

26b 

20 

4.0c 

FO 

1 .0 

20b 

18c 

27b 

22 

4.2bc 

F value 

NS 

*** 

*** 

** 

NS 

*** 

Fertilizer  level  (kg. ha' 

1400 

1.1 

17 

20 

31 

21 

4.8 

2800 

1.1 

19 

20 

28 

24 

4.8 

F value 

NS 

NS 

NS 

NS 

NS 

NS 

NS,  *,  **,  ***F  value  not  significant,  significant  at  the  3%t  1%  and  0.1% 
levels,  respectively. 

^Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5% 
level. 

■'’See  Table  3 for  abbreviations. 
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Table  15«  Analysis  of  variance  and  main  effect  of  amendments  and  fertilizer 
level  for  average  fruit  weight  and  fruit  yield.  Cucumber, 
experiment,  1982. 


Source  of  variation 

df 

Average 

fruit  weight 

Fruit  yield 

Early 

Final 

Early 

Final 

Blocks 

3 

331.4 

2298.3 

28.90* 

170.6*** 

Amendment  (A) 

4 

19618.2*** 

17093.8*** 

762.49*** 

1932.4*** 

Fertilizer  level  (F) 

1 

3298.2 

1292.0 

14.95 

37.9 

AxF 

4 

113.6 

272.2 

8.06 

15.8 

Error 

27 

2242.0 

1204.5 

6.29 

16.6 

Amendment^ 



-1 

g 

DIS  • iCg 

SS 

393. 6a^ 

325.4a 

27.3a 

43.1a 

PM 

341.9b 

296.1b 

22.4b 

37.8b 

FP 

316.4b 

262.6b 

9.0c 

16.0c 

CM 

340.5b 

276.0b 

9.8c 

15.7c 

FO 

241 .4c 

206.4c 

4.4d 

7.9d 

F value 

*** 

*** 

*** 

*** 

Fertilizer  level  (kg.ha“"') 

1400 

323.3 

274.8 

14.0 

23.2 

2800 

337.6 

286.2 

15.2 

25.1 

F value 

NS 

NS 

NS 

NS 

NS,  *,  **,  ***F  value  not  significant,  significant  at  the  5^,  1%  and  0.1% 
levels,  respectively. 

^Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5% 
level. 

''’See  Table  3 for  abbreviations. 
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bstwesn  ani©ncini8n'b  soiurcss  and  f’si'tilizai'  Isvsls  was  not  statistically 
significant. 

Average  early  season  fruit  weight  (first  two  harvests)  was  highest 
with  SS  and  lowest  with  FO.  Highest  average  fruit  weight  and  fruit 
yield  were  obtained  for  residual  effects  of  SS.  The  PM,  FP,  and  CM 
residual  effects  were  not  different  and  were  more  than  for  FO  residual 
effect. 

The  final  average  fruit  weight  was  lower  than  that  observed  in  the 
early  season  for  all  amendment  sources.  However,  significant  differ- 
ences that  existed  among  amendments  were  the  same  as  observed  earlier  in 
the  season. 

Early  and  final  fruit  yield  ranged  from  4.4  to  27.3  Mg. ha"''  and  7.9 
-1 

to  43.1  Mg. ha  , respectively.  Higher  early  and  final  fruit  yields  were 
observed  with  SS  and  were  greater  than  those  from  PM.  Compared  to  FO, 

these  two  amendments  (SS  and  PM)  increased  yield  to  22.9  and  I7.9  Mg. ha" 

''  and  35.2  and  29-9  Mg. ha"''  for  early  and  final  yield,  respectively. 

Significant  correlation  (Pearson  product— moment)  observed  between 
early  yield  and  early  average  fruit  weight  was  r=0.66  (P<0.001),  and 
between  final  yield  and  early  average  fruit  weight  was  r=0.73 
(P<0.001).  Between  final  yield  and  final  average  fruit  weight,  the 
relationship  was  r=0.75  (P<0.001). 

Soil  Analysis 

Nitrogen  Availability 

For  soil  N extracted  at  10  days  after  cucumber  seeding  significant 
differences  between  amendment  sources  were  observed  (Table  16).  Main 
effect  for  fertilizer  level  and  the  interaction  between  amendment 
sources  and  fertilizer  levels  were  not  statistically  significant. 


Table  16.  Analysis  of  variance  and  mean  effect  of  amendment  and  fertilizer  level  on  soil  N extracted,  pH, 
EC  and  moisture  at  10  days  after  cucumber  seeding.  Cucumber  experiment,  1982. 


75 


® 

1 

T-  CM  ro 

T~ 

p 

1 

• • • 

• 

• 

1 

CO  cnvo 

m CO 

2 CA  ® 

3 

1 

CM  CM  O 

LTy 

bo  in  >-  ® 

® 

® O 2 

1 

^ ro  O 

o 

O 

4«: 

CM  r-  r- 

T-  2 

ra 

1 

O CA  <7\ 

in 

4 

•H 

1 

T-  O CO 

CA 

o 

bO 

o 

1 

r" 

2 

1 

1 

1 

1 

1 

1 

* 

T— 

1 

* 

1 

CO  40  43 

43 

40 

1 

CO  m o 

e 

fn  m 

(A 

O 5fC 

CA  VO 

u 

1 

NA  ® CM 

Y~ 

• 

O KA  T- 

cn 

-M-  * 

m m 

1 

• • • 

• 

• 

CO  . . . 

• • C/3 

1 

o o o 

o 

o 

X3 

CM  T-  T- 

T~ 

T“ 

2 2 2 

1 

* 

1 

* 

40 

1 

♦ 

cO  cO  cO 

43 

43 

1 

VO  CM  O 

m 

O VO  ->0-  O X 

C^  CO 

2 

1 

O to,  O 

o 

o 

® VO 

'0"  -M"  ♦ 

CA  CA 

P* 

! 

• • • 

• 

• 

• • • 

• 

• 

• • C/3 

1 

1 

o o o 

o 

o 

m m in  m 

m 

in  in  2 

® 

1 

1 

* 

rH  2 

1 

* 

1 

43 

1 

* 

1 

CO  (0  40 

43 

o 

CO  rH 

1 

(Ac  O T- 

CA 

o^ 

1 

C^  CM  ® 

VO  * 

T- 

$ 

1 

• • • • 

■<0-  O tOi  VO 

• 

CA 

1 

1 

• • • 

•rl-  m T- 

• 

o 

• * 

VO  * 

• ‘CO 

CA  CA  2 

CO  o 

0) 

CM 

1 

fn  m 1- 

T“ 

> -p 

p 

1 

•< 

g 

u* 

1 

1 

1 

CQ 

1 

-p 

c 

1 

1 

o 

CO 

★ 

1 

cd 

0) 

* 

1 

p 

2 

2 

* 

1 

■p 

1 

+ '=^ 

t-  T-  O 

(Ay  VO 

1 

CO  CO  43 

43 

o 

1 

T-  O 

O 

CM  , 

1 

o m CM 

in  * 

CA  CA 

<0 

2 

1 

• • • 

• 

• 

1 

• • * 

• 

• * 

• • CO 

2 

1 

O O 

cn 

O 

o 

1 

C^  VO  CM 

2 

T-  * 

mm2 

o 

1 

1 

T" 

1 

bO 

1 

1 

4<J 

• 

1 

bO 

1 

♦ 

S 

2 

1 

* 

1 

CO  CO  40 

43 

40 

-p 

1 

1 

fo  '<o  m 

o 

1 

CM  in  ® 

2 

o * 

m VO 

o 

1 

• • • 

• 

• 

1 

• • • 

• 

. * 

• • CO 

CO 

2 

1 

O -M-  O 

o 

T“ 

1 

VO  1- 

T“ 

T-  :+e 

mm2 

2 

1 

1 

-p 

1 

1 

X 

1 

1 

® 

1 

1 

u 

1 

1 

as 

1 

♦ 

1 

-P 

1 

1 

o 

2 

1 

* * 

1 

CO  CO  40 

40 

o 

:s 

1 

1 r<^ 

1 

m iT\  o 

o 

1 

m CM  CM  VO 

o * 

2 VO 

1 

• • • 

• 

• 

1 

• • • 

• 

• * 

• • CO 

o 

1 

1>-  O VO 

® 

1 

o o ro  VO 

■M-  * 

2 T-  2 

1 

CM  CT\ 

1 

CM  CM 

1 

1 

cp 

'M-  T- 

CM 

XJ 

CM 

T 

® ^ 

® 

3 • 

3 

rH  tjfl 

Ph 

CO  M 

CO 

> 

> 

"O! 

✓ cH 

Ph  iH 

® 

Q) 

tp  C 

-p  > 

•P 

> 

o o 

c ® 

C 

0) 

•H 

<D  rH 

n> 

® -p 

s 

a 

o o 

O CO 

4<!  2 • 

p 

XJ 

• 

o o 

P *H 

O C -P 

o 

c 

® 2 2 

2 

O -P 

CO 

3 p 

OOP 

p 

® 

W 2 2 

O 

iy  P 

T-  2 

O CO 

rH  S (D 

X 

p 

a 

<D 

CO  > 

2 <! 

<0 

w 

< 

0) 

> 

-P 

O 

O 

S* 

u 


(D 

> 


'y?. 


C 

cO 


IT\ 

<U 

-P 

-P 

as 

-P 

C 

(0 

o 

•H 

•H 

5 

■H 

CQ 


-P 

C 

a) 

o 

•H 

■H 

g) 


+5 

o 

c 

0) 

3 

rH 

? 

* 

* 

* 


* 

* 


m 

S5  + 


See  Table  3 for  abbreviations. 


76 


Highest  NOj-N,  NH^-N  in  water,  exchangeable  NH^-N  and  available 
total  N concentrations  were  fomd  when  SS  and  PM  had  been  used.  These 
two  treatments  were  not  statistically  different,  but  were,  however, 
significantly  different  from  the  other  three  amendment  sources.  Utili- 
zation of  FO  had  the  lowest  concentration  of  all  forms  of  N extracted. 
Nitrate— N concentrations  observed  for  all  amendment  sources  were  higher 
than  for  NH^-N  in  water  and  exchangeable  NH^-N  concentrations.  With  SS, 

PM,  FP,  CM  and  FO,  the  percentages  of  total  available  N due  to  NO^-N 

b 

were  58,  61,  69,  61  and  60^,  respectively,  at  10  days  after  cucumber 
seeding. 

Soil  Reaction,  Electrical  Conductivity  and  Moisture 

Analysis  of  variance  for  the  residual  effect  of  amendment  and 
fertilizer  level  on  soil  pH,  EC  and  moisture  is  shown  in  Table  16. 

Main  effect  of  amendment  source  was  statistically  significant  for 
pH  and  EC.  Fertilizer  level  and  interaction  effects  were  not  statisti- 
cally significant.  Soil  reaction  ranged  from  5.86  to  5.40  and  EC  from 
2.03  to  1.40  dS.m”"'.  Highest  pH  and  EC  values  were  observed  with  SS  and 
PM. 

No  significant  differences  were  found  for  soil  moisture  between 
amendments  (Table  16). 

Ion  Concentration  in  Water  Extract 

Statistical  analysis  for  ion  concentration  in  soil  water  extract  at 
10  days  after  cucumber  seeding  indicated  some  significant  differences 
existed  among  amendment  sources  (Table  I7).  Interaction  effect  between 
amendment  and  fertilizer  levels  was  not  statistically  significant.  Main 
effect  of  amendment  source  was  observed  for  Ca,  K and  P.  Soluble  K con- 
centration varied  from  82  to  63  mg.kg"**,  Ca  concentration  from  50  to  32 
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Table  17*  Analysis  of  variance  and  main  effect  of  amendment  and  fertilizer 
levels  on  Ca,  Mg,  K,  P and  Cl  concentration  in  soil  water  extract 
10  days  after  cucumber  seeding.  Cucumber  experiment,  1982. 


Source  of  variation 

df 

Ca 

Mg 

K 

P 

Cl 

Mean  square 


Blocks 

3 

40.2 

114.0 

433.9 

0.007 

4851.7 

Amendment  (A) 

4 

552.5^ 

48.1 

498.4* 

0.032* 

5859.3 

Fertilizer  levels  (F) 

1 

17.2 

18.2 

854.7* 

0.000 

5191.5 

AxF 

4 

144.2 

19.3 

131 .6 

0.001 

3746.5 

Error 

27 

52.1 

33.2 

166.7 

0.019 

4599.6 

Amendment^ 

uj.y 

SS 

SOa^ 

17 

82a 

0.43a 

151 

PM 

36b 

14 

78ab 

0.36ab 

90 

FP 

36b 

11 

74ab 

0.26b 

95 

CM 

34b 

12 

55bc 

0.30b 

89 

FO 

32b 

12 

63c 

0.26b 

91 

F value 

* 

NS 

* 

* 

NS 

Fertilizer  level  (kg.ha“^) 

1400 

36 

12 

68 

0.33 

92 

2800 

38 

14 

77 

0.34 

115 

F value 

* 

NS 

* 

NS 

NS 

NS,  *,  **,  value  not  significant,  significant  at  the  3%,  1%  and  0.1^ 

levels,  respectively, 

y 

•'Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5% 
level. 

'*’See  Table  3 for  abbreviations. 
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mg.kg"^  and  P concentration  from  O.43  to  0.26  mg.kg“^.  For  soluble  Ca, 
K and  P,  S3  amendment  had  the  highest  concentrations  whereas  the  lowest 
concentration  were  observed  when  CM  or  FO  were  used.  This  was  similar 
in  pattern  to  that  for  NO^-N  and  NH^-N  in  water  shown  in  Table  15. 
However,  NO^-N  and  NH^-N  concentrations  were  much  lower  than  soluble  K 
concentration.  Since  soluble  Cl  was  higher  than  NO^-N  concentration, 
the  possibility  remained  that  some  fertilizer  salts  remained  after 
tomato  plant  removal.  The  treatments  did  not  differ  in  Cl  content  at 
this  sampling  time. 

Tissue  Analysis 

Nitrogen  in  Leaf  and  Fruit 

Total  N concentration  and  percentage  of  this  total  that  came  from 
fertilizer  differed  significantly  with  amendments.  Fertilizer  levels 
and  interaction  between  amendment  source  and  fertilizer  levels  were  not 
statistically  significant  in  leaf  or  fruit  samples  (Table  A-9). 

The  highest  total  N concentration  in  leaf  and  fruit  was  observed 
with  S3  and  PM  amendments.  These  two  amendments  were  statistically 
different  from  the  other  three  amendments  (Fig.  6).  Percentage  of  the 
total  N in  leaf  and  fruit  samples  that  came  from  the  fertilizer  N were 
very  low  for  all  amendment  sources.  These  data  observed  among  amendment 
sources  showed  that  very  little  of  the  N applied  for  tomato  remained  for 
cucumber  either  in  leaf  or  fruit. 

Nitrogen  concentration  in  fruit  for  all  amendment  sources  were 
lower  than  N concentration  observed  in  leaf.  However,  significant 
differences  observed  among  treatments  were  similar  (Fig.  6). 


Total 
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Fig.  6.  Main  effect  of  residual  amendment  sources  on  total  N and  N from 
fertilizer  on  cucumber  leaf  and  fruit  at  40  and  64  days  after 
seeding,  respectively.  (Mean  separation  by  Duncan's  Multiple 
Range  Test,  5%  level). 

*See  Figure  2 for  abbreviations.  The  sequence  of  amendments 
for  fruit  is  the  same  as  that  for  leaf. 
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Nutrient  Concentration  in  Leaf  and  Fruit 

Calcium  and  K in  leaf  and  K concentration  in  fruit  were  affected 
significantly  by  amendment  sources  (Table  18).  Fertilizer  levels  had 
significant  effect  only  in  K concentration  in  fruit.  Interaction 
between  these  two  factors  was  not  significant  for  leaf  or  fruit  Ca,  Mg, 

K and  P concentrations. 

Calcium  and  K concentrations  of  cucumber  leaf  were  not 
significantly  different  when  SS,  PM  and  FP  were  utilized.  For  Ca 
concentrations,  these  three  amendments  were  statistically  different  from 
CM  and  FO.  However,  for  K concentration  only  SS  was  statistically 
higher  than  CM  and  FO  (Table  18).  Potassium  concentration  in  fruit  was 
highest  with  SS,  differing  statistically  from  the  other  four  amendment 
sources.  At  fertilizer  level  of  2800  kg.ha”^ , the  K concentration  in 
fruit  was  slightly  higher  than  observed  at  1400  kg.ha“^. 

Amendment  source  significantly  affected  Cd  and  A1  concentration  of 
leaf  and  Mn  by  fruit  (Table  19).  Fertilizer  level  significantly 
affected  the  concentration  of  leaf  Zn  and  of  fruit  Mn  and  Zn. 
Interactions  between  amendment  source  and  fertilizer  level  were  not 
statistically  significant.  Highest  Cd  and  A1  concentration  in  leaf  and 
Mn  in  fruit  were  obtained  when  SS  amendment  was  used.  Cadmium 
concentrations  of  fruit  were  below  the  detection  limit  of  0.02 
mg. kg  . Aluminum  concentration  of  leaf,  when  SS  and  PM  were  used,  was 
not  statistically  different,  but  both  these  amendments  showed 
sis^i^icantly  more  A1  than  from  the  other  three  amendment  sources. 
Fertilizer  level  of  2800  kg. ha  ^ slightly  increased  Zn  concentration  of 
leaves  and  of  fruit  Mn  and  Zn  concentrations. 


Table  18.  Analysis  of  variance  and  main  effect  of  amendment  source  and  fertilizer  level  on  Ca,  Mg,  K and  P 
concentration  on  cucumber  leaf  and  fruit.  Cucumber  experiment,  1982. 
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not  significant,  significant  at  the  5%,  1%  and  0.1^  levels,  respectively, 
tion  within  columns  by  Duncjan's  Multiple  Range  Test. 


Table  19.  Analysis  of  variance  and  main  effect  of  amendment  source  and  fertilizer  level  on  Cd,  Mn,  Zn 
and  A1  concentrations  in  leaf  and  Mn»  Zn,  Fe  and  A1  in  cucumber  fruit.  Cucumber  experiment 
1982. 


82 


0) 


t3 

O 


1 

1 

1 

T-  m C7a  CM 

la- 

T-  O VO  VO  VO 

VO  CO 

1 

• • • • 

• 

• • • • • CO 

• • CO 

1 

CO 

r“ 

CM  T-  (A  Z 

CO  z 

1 

0>  r“  ^ 

t>- 

roa  -<d-  rov  r<^ 

A A 

1 

C\J  t- 

1 bC 

1 C 

1 *H 

\ 73 

1 0 

00  rc\ 

CO 

VO  VO  T-  ov 

CA 

1 0 

• • • • 

• 

CO 

. .CO 

1 0] 

t>-  O CM  O 

T-  V-  CM  lA  Z 

CM  A Z 

1 

CM  toy 

Ka  lA  KV  fA 

A A 

1 p 

T" 

! ^ 

1 

1 0 

1 

♦ ♦ 

1 CQ 

fca  ro  T- 

o 

VO  CM  (A  CO  Tj- 

A 

1 >> 

• • • • 

• 

• • • • • CO 

• • 

1 0 

LO  LO  VO 

CM 

CA  OV  CO  CA  CM  Z 

CO  T- 

1 T3 

r<^  T-  VO 

r” 

CM  CM  CM  CM  rA 

CM  A 

1 

1 LO 

1 

* 

1 

* * 

♦ * 

0 

m Ti-  CO  oa 

CO 

CO  ^A  rA  CM  tn 

r-  m 

P 

• • • • 

« 

• • • • • 

• • ^ 

0 

ov  -.ij-  vn  cn 

(A 

O VO  T-  T-  ov  * 

CM  A ♦ 

D 

V-  CM 

CM  T-  T-  V-  * 

T“ 

U* 

m 

c 

CO 

* 

0 

* 

E 

* 

O 

1 

CT\  CM  CM 

0 O 0 ,Q  O 

1 

VO  T-  VO  CM 

T-  CM  O fA  O ♦ 

O VO 

1 

CTi  CC 

o 

CO  ^ 00  ^A  VO  * 

A A CO 

1 

1 

CM  bv 

CM  CM  CM  CM  ■<-  * 

CM  CM  Z 

1 

1 bO 

1 C 

1 

CO  CO  VO  CO 

O lA  r-  A CO 

A VO  CO 

1 73 

T-  CM  CO 

V” 

CO  00  VO  Z 

Z 

1 0 

CM  m 

CM 

1 0 

1 CQ 

1 

* 

1 p 

* * 

' 

<J\  T- 

CA 

00  A VO 

I -P 

fov  ro,  ov  (o. 

A A A A -rf 

1 ^ 

ir>  T-  O r- 

to 

CO  CO 

1 0 

T- 

Z 

A * 

1 CQ 

1 >. 

1 0 

1 

o m m 00 

CM 

O O CO  CO  CO 

T-  A CO 

1 

VO  r-  CO  CJV 

O 

CM  CA  CO  CO  A Z 

CO  CA  Z 

1 o 

CA  CM 

Ka 

A CM  CM  CM  CM 

CM  CM 

1 

1 

G>  ^ T“ 

1 

1 

♦ 

1 

lOl  •!-  T-  V- 

VO 

0 ^ ja  A 

1 

O CM  O V- 

o 

CM  A O O O 

1 

o o o o 

o 

A CM  CM  CM  CM 

CM  CM 

1 

• • • • 

• 

• • • • • :4c 

• ♦ CO 

1 

o o o o 

o 

o o o o o 

o o z 

"d 


^ '.d- 

C\J 


c 
o 

•H 
0)  +> 


o 

tl 

d 

o 

w 


Pm 


-P 

C 


0 

> 

0 


o 

o 

rH 

pa 


o 

p 

Px5 


+ 

•P 

C 

0 

a 

T) 

c 

0 


I 

0 ^ 
3 . 

i-H  bO 
0 M 
> ■' — ' 

Pm  I— I 
0 


W S (Xi  E O 
W PL,  Pm  O Pm 


0 

3 

fH 

n 

Pm 


O O 

o o 

•.d-  CO 
T-  CM 
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^Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test,  5%  level. 

'‘Cd  values  were  below  detection  limit. 

'*’See  Table  3 for  abbreviations. 
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Tomato  Experiment.  Spring,  1983 

Tomato  Fruit  Yield 

Periodical  visual  observations  of  tomato  growth  during  the  season 
showed  that  FO  and  BC  treatments  were  not  as  vigorous  as  those  with  SS 
and  PM. 

Analysis  of  variance  for  the  effect  of  amendment  sources  and  rates 
in  combination  with  fertilizer  levels  (21  treatments)  on  tomato  fruit 
yield  is  shown  in  Table  A-10.  Statistically  significant  differences 
were  observed  among  treatments  for  total  fruit  yield  and  yields  in  size 
categories  2,  3 and  4*  Using  a contrast  procedure,  20  orthogonal 
contrasts  were  studied  and  several  significant  differences  were  obtained 
(Table  A-IO). 

Fruit  yield  in  size  category  1 had  no  statistically  significant 
differences  among  treatments.  However,  when  either  SS  at  the  higher 
rate  was  used  with  2800  kg.ha”"*  of  fertilizer  or  when  PM  was  used  at 
11.2  Mg. ha  ^ with  14OO  kg.ha"^  of  fertilizer,  the  highest  yields  were 
obtained,  which  were  46.5  and  58.7  Mg.ha~\  respectively  (Table  A-10  and 
Table  20). 

Yield  of  fruit  in  size  2 from  the  combinations  of  PM  rates  and 
fertilizer  levels  had  statistically  different  effects.  Both  PM  rates 
had  quadratic  response  to  increasing  levels  of  fertilizer  applied  (Table 
A-10  and  Table  20).  In  this  same  fruit  size  category,  main  effect  of  BC 
rates  was  statistcally  significant.  With  BC  at  1.12  Mg. ha"'’  the  average 
yield  was  27»4  Mg. ha  ^ and  with  BC  at  2.24  Mg. ha"'’  the  average  yield  was 
34 ‘5  Mg. ha"  . Organic  amendments  had  an  average  fruit  yield  of  38.5 
Mg. ha"'’  which  was  significantly  different  from  the  average  yield  of  28.6 
Mg. ha  with  inorganic  amendments.  However,  between  organic  sources  (SS 
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Table  20.  Means  of  tomato  fruit  yield  when  amendment  sources,  amendment 
rates  and  fertilizer  levels  were  utilized.  Tomato  experiment, 

1983. 


Amendment 

Fert. 

level 

Fruit 

yield,  : 

size  category"'’ 

Total 

Sourcet 

Rate 

1 

2 

3 

4 

yield 

Mg.ha"”* 

kg.ha""* 

1400 

Inorganic 
40.7  30.6 

amendment 

9.8 

2.6 

83.7 

FO 

2800 

4200 

29.4 

33.4 

30.0 

36.5 

10.6 

18.1 

3.0 

5.6 

73.0 

93.6 

1.12 

1400 

34-1 

24.4 

13.1 

3.3 

74.9 

BC 

1 .12 

2800 

33.0 

27.3 

11 .4 

2.9 

74*6 

1.12 

4200 

33.5 

30.6 

13.2 

4.5 

81 .6 

2.24 

1400 

37.0 

33.8 

14*0 

3.2 

88.0 

BC 

2.24 

2800 

32.4 

33.8 

13.8 

4.3 

84.3 

2.24 

4200 

43.4  36.1  15.1 

Organic  amendment 

3.5 

98.1 

11.2 

0 

33.2 

33.0 

15.0 

3.6 

84.8 

SS 

11  .2 

1400 

37.7 

32.7 

10.8 

2.7 

83.9 

11 .2 

2800 

43.6 

36.2 

11.8 

2.9 

94.6 

22.4 

0 

37.3 

36.0 

16.2 

4.2 

93.9 

SS 

22.4 

1400 

36.9 

33.0 

10.9 

2.5 

83.3 

22.4 

2800 

46.5 

46.9 

20.0 

5.0 

118. 4 

11 .2 

0 

45.4 

39.4 

14-0 

3.4 

102.2 

PM 

11.2 

1400 

58.7 

49.7 

19.0 

3.9 

131.3 

11.2 

2800 

31 .1 

28.0 

12.0 

3.0 

74.1 

22.4 

0 

40.4 

43.6 

19.4 

4.2 

107.6 

PM 

22.4 

1400 

34.9 

37.6 

19.8 

6.1 

98.4 

22.4 

2800 

38.3 

45.7 

26.2 

7.3 

117.5 

'’’Mean  fruit  weights  were  as  follows:  l)  250  g,  2)  250  g,  3)  115  g and 

4)  85  g. 

tFO  is  fertilizer  only;  SS  is  sewage  sludge  from  Orlando,  Florida;  PM 
is  poultry  manure  from  a commercial  enterprise;  BC  is  bentonite  clay 
from  Aberdeen,  Mississippi  (calcium  bentonite). 
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vs  PM)  and  inorganic  sources  (FO  vs  BC),  no  significant  difference  was 
observed  (Table  A-10). 

Yield  of  size  3 tomatoes  had  a significant  linear  response  to 
fertilizer  rates  when  SS  was  used  in  combination  with  fertiizer.  The 
main  response  to  fertilizer  rates  was  significantly  quadratic.  Fruit 
yields  also  were  different  between  PM  rates.  The  average  fruit  yields 
at  the  PM  rate  of  11.2  and  22.4  Mg.ha”^  were  15  and  21.8  Mg.ha~\ 
respectively  (Table  20).  At  both  PM  rates,  fruit  yields  increased 
quadra tically  with  increase  in  fertilizer  levels.  Average  fruit  yield 
produced  when  organic  amendments  were  used,  was  16.2  Mg.ha"^.  This 
fruit  yield  was  significantly  different  from  13.2  Mg.ha””'  produced  by 
inorganic  amendments.  No  statistical  difference  was  observed  between 
average  fruit  yield  produced  with  FO  and  BC  treatments.  However, 
average  fruit  yield  observed  with  PM  (I8.4  Mg.ha"^)  was  significantly 
different  from  that  observed  with  SS  (14.I  Mg.ha""*). 

In  fruit  size  category  4,  yields  were  much  less  than  those  found 
for  larger  size  fruit.  Increase  in  level  of  applied  fertilizer  to  FO 
treatments  resulted  in  significant  linear  yield  response.  As  observed 
in  fruit  size  category  3»  the  main  effect  of  fertilizer  when  combined 
with  SS  had  a significantly  quadratic  response.  Poultry  manure  at  22.4 
Mg.ha"^  gave  a higher  fruit  yield  than  for  PM  at  11.2  Mg.hB"”*.  Also, 
the  average  fruit  yield  for  PM  was  significantly  higher  than  the  average 
fruit  yield  for  SS.  Interaction  between  PM  rates  and  fertilizer  levels 
was  statistically  significant  (Table  A-IO). 

The  significance  between  blocks  noted  for  fruit  in  size  category  1 
was  also  found  for  the  total  yield  but  not  for  fruit  in  the  2,  3 or  4 
size  categories  (Table  A-IO).  Total  fruit  yields  ranged  from  73  to  131 
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Mg.ha""'  (Table  20).  Highest  yield  was  obtained  with  PM  at  11.2  Mg.ha”"' 
when  combined  with  I400  kg.ha""*  of  fertilizer.  Lowest  total  fruit  yield 
was  obtained  with  FO  at  2800  kg.ha""*. 

Increase  in  fertilizer  levels  in  combination  with  SS  and  BC  did  not 
follow  a significant  linear  or  quadratic  trend  for  total  fruit  yield. 
However,  when  PM  amendment  was  combined  with  fertilizer  levels,  there 
was  a quadratic  yield  response.  When  PM  was  applied  at  11.2  Mg. ha”"', 
total  fruit  yield  increased  when  I4OO  kg.ta”"'  was  applied  and  then  de- 
creased when  2800  kg. ha””'  of  fertilizer  was  utilized.  At  22.4  Mg.ha””' 
of  PM,  the  response  to  fertilizer  rates  was  higher  at  the  higher  ferti- 
lizer rate  than  that  observed  at  the  lower  one  (Table  20).  Average 
total  fruit  yield  obtained  with  organic  amendments  (99.1  Mg. ha””')  was 
statistically  different  from  that  obtained  with  inorganic  amendments 
(82.6  Mg.ha””'). 

Comparison  of  amendments  which  received  fertilizer  at  I400  and  2800 
kg. ha”  was  made  in  a separate  analysis  of  variance  in  Table  A-11. 
Significant  interaction  was  found  between  amendment  sources  and  ferti- 
lizer level  for  fruit  in  sizes  2,  3 and  total  fruit  yields.  These 
responses  are  presented  in  Table  21 . 

At  1400  kg. ha”  of  fertilizer,  yields  in  fruit  size  category  2 was 
not  statistically  significant  for  PM  at  either  11.2  and  22.4  Mg.ha"^. 
However,  the  highest  yield  was  found  for  PM  and  this  was  statistically 
different  from  the  other  five  treatments.  At  fruit  size  category  3, 
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Table  21 . Interaction  mean  between  amendment  source  and 
fertilizer  level  on  tomato  fruit  yield  in  size 
categories  2,  3 and  total  yield.  Tomato 
experiment,  1983* 


Fertilizer  level 

(kg. ha""' ) 

Amendment'*’ 

1400 

2800 

Mg.  ha""' 


- ng • 

Fruit  yield. 

size  2 

SS  (11.2 

Mg.  ha""' ) 

32.7  b^ 

A^ 

36.1 

ab 

A 

SS  (22.4 

Mg.  ha""' ) 
Mg.  ha""' ) 

33.3  b 

B 

46.8 

a 

A 

PM  (11.2 

49.7  a 

A 

25.9 

b 

B 

PM  (22.4 

Mg.ha"^ ) 
Mg.ha"^ ) 

37.6  ab 

A 

45.7 

a 

A 

BC  (1.12 

24.4  b 

A 

27.3 

b 

A 

BC  (2.24 

Mg.  ha""') 

33.8  b 

A 

33.8 

b 

A 

FO 

30.6  b 

A 

30.4 

b 

A 

Fruit  yield. 

size  3 

SS  (11.2 

Mg. ha"'’) 

10.8  b 

A 

11.8 

c 

A 

SS  (22.4 

Mg.ha"^ ) 
Mg.  ha""' ) 

10.9  b 

B 

20.0 

a 

A 

PM  (11.2 

18.9  a 

A 

12.0 

c 

B 

PM  {22. A 

Mg.lm""' ) 

19.7  a 

A 

26.2 

a 

A 

BC  (1.12 

Mg. ha""' ) 
Mg. ha""' ) 

13.1  b 

A 

11.4 

c 

A 

BC  (2.24 

14.0  b 

A 

13.7 

b 

A 

FO 

9.8  b 

A 

10.6 

c 

A 

Total  fruit  yield 

SS  (11.2 

Mg.ha“^ ) 
Mg.ha"^ ) 
Mg.  ha""' ) 

84.0  b 

A 

94.0 

ab 

A 

SS  (22.4 

83.7  b 

B 

118. 4 

a 

A 

PM  (11.2 

131.3  a 

A 

74.1 

b 

B 

PM  (22.4 

Mg. ha""* ) 
Mg.  ha""' ) 

98.4  b 

A 

117.5 

a 

A 

BC  (1.12 

74.9  b 

A 

74.7 

b 

A 

BC  (2.24 

Mg. ha""' ) 

88.0  b 

A 

84.3 

ab 

A 

FO 

83.9  b 

A 

73.2 

b 

A 

^Amendment  means  within  columns  followed  by  same  small 
letter  are  not  significantly  different  by  Duncan's  Multiple 
Range  Test,  5%  level. 

Amendment  means  within  rows  followed  by  same  capital 
letter  are  not  significantly  different  by  F test  at  3% 
level. 

■'’See  Table  20  for  abbreviations. 
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both  PM  rates  gave  similar  yields  which  were  significantly  different 
from  those  of  the  other  five  amendments. 

When  fertilizer  was  applied  at  2800  kg.ha~"',  yields  in  fruit  size 
category  2 were  highest  from  SS  at  both  rates  and  from  PM  at  22.4 
Mg.ha”'  but  were  not  significantly  different  from  each  other.  When  SS 
and  PM  were  used  at  the  higher  rate  in  combination  with  2800  kg.ha”"*  of 
fertilizer,  fruit  yields  of  46.8  and  47.7  Mg.ha""*  were  obtained, 
respectively.  Both  fruit  yields  were  significantly  higher  than  yields 
for  the  other  four  treatments  (Table  21).  At  fruit  size  3,  yields  were 
highest  from  either  SS  or  PM  at  22.4  Mg.ha””'.  However,  both  above 
yields  were  significantly  different  from  those  of  the  other  five 
treatments  (Table  21). 

Total  fruit  yield  at  the  lower  fertilizer  level  was  131.3  Mg.ha“"' 
when  used  in  combination  with  PM  at  11.2  Mg.ha""^  (Table  21).  This  fruit 
yield  was  statistically  more  than  from  the  other  treatments. 

With  2800  kg. ha  of  fertilizer,  no  significant  difference  in  total 

fruit  yield  was  found  between  SS  at  both  rates  or  PM  at  22.4  Mg. ha""*  or 
BC  at  2.24  Mg.ha~  . However,  with  amendment  with  SS  and  PM  at  the 
higher  rate,  yields  were  significantly  different  from  the  other  three 
treatments,  namely,  PM  at  11.2  Mg.ha"”*,  BC  at  1.12  Mg.ha""^  and  FO 
treatments. 

Fruit  yield  comparisons  for  the  same  treatment  at  two  fertilizer 
levels  are  also  shown  in  Table  21 . Significant  differences  were  ob- 
served to  be  the  same  for  fruit  size  categories  2 or  3 as  those  for 
total  fruit  yield.  Only  when  SS  was  applied  at  22.4  Mg.ha""'  or  PM  at 
11.2  Mg. ha  ^ did  yields  differ  at  the  two  fertilizer  levels.  However, 
when  SS  was  used,  the  highest  fruit  yields  at  size  2,  3 and  total  were 
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obtained  when  fertilizer  was  applied  at  2800  kg.ha””'.  When  PM  was  used, 
the  highest  fruit  yield  was  observed  when  fertilizer  was  applied  at  I4OO 
kg.ha"  . 

Soil  Analysis 

Nitrogen  Availability 

Statistical  analysis  among  21  treatments  for  each  soil  N form 
determined  during  the  tomato  cropping  season  is  shown  in  Table  A-12. 
These  21  treatment  responses  were  examined  throughout  20  orthogonal 
contrasts  shown  in  Table  A-I3.  In  general,  soil  that  received  SS  or  PM 
amendments  had  higher  water  extractable  NO^-N  and  NH^-N,  exchangeable 
NH^-N  and  available  total  N concentrations  than  soil  that  received  BC  or 
FO  amendments  (Tables  22  and  23). 

Organic  amendments  used  at  the  higher  rate  generated  higher  soil 
NOj-N  concentration  than  that  observed  at  the  lower  rate  (Table  22). 
Except  at  19  days  after  application  of  treatments,  soil  NO^-N  at  the 
higher  rate  of  both  SS  and  PM  was  significantly  different  from  those  at 
the  lower  rate  (Table  A-I3).  Linear  positive  main  effect  of  fertilizer 
rate  was  statistically  significant  at  all  four  dates  after  application 
of  the  amendments.  However  at  80  days,  interaction  effects  between  PM 
amendment  rates  and  fertilizer  levels  were  observed.  Similar  inter- 
action effect  for  SS  amendment  was  noted  at  19  and  80  days.  When  such 
an  interaction  effect  was  not  significant,  main  effect  of  fertilizer  was 
linear. 

Nitrate-N  concentration  trends  observed  with  BC  and  FO  had  a linear 
and  positive  significant  trend  for  main  effect  of  fertilizer  from  I400 
to  4200  kg.ha"”*  (Table  A-I3).  This  was  observed  at  19,  40,  80  and 
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Table  23.  Effects  of  inorganic  amendment  sources  and  rates  and  of  fertilizer  levels 
on  soil  N extracted  at  four  dates  after  application  of  treatments.  Tomato 
experiment,  1983. 
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111  days  after  application  of  treatments.  Significant  difference 
between  the  two  BC  rates  was  observed  at  19  and  48  days  and  the  higher 
NO^-N  concentration  was  found  when  BC  was  at  2.24  Mg. ha""'.  Interaction 
between  BC  rates  and  fertilizer  levels  was  not  significant.  As  observed 
with  organic  amendments,  the  highest  NO^-N  concentration  was  produced  at 
48  days  after  application  of  both  BC  and  FO  treatments  (Tables  22  and 
23). 

For  all  soil  sampling  comparisons  between  organic  amendments,  the 
average  of  NO^-N  for  PM  was  statistically  higher  than  the  average 
observed  for  SS.  Also,  at  all  samplings,  the  averages  of  NO^-N  for 
organic  amendments  was  statistically  higher  than  that  observed  for 
inorganic  amendments  (Tables  A-13,  22  and  23). 

Water  extractable  ammoniiim-N  decreased  throughout  the  season  for 
all  treatments  (Table  22  and  23).  When  organic  amendments  were  used 
these  NH^-N  concentrations  had  a different  pattern  of  statistical 
significance  than  that  given  with  inorganic  amendments  (Table  A-13). 
Ammonium-N  levels  were  alike  from  SS  at  both  rates  and  did  not  differ 
between  rate  during  the  cropping  season.  With  both  rates  of  PM,  NH^-N 
was  statistically  different  from  each  other  at  all  soil  sampling 
dates.  The  higher  NH^-N  concentration  was  observed  at  higher  PM  rate. 

At  111  days  after  application  of  treatments,  the  interaction 
between  fertilizer  level  and  SS  rate  was  statistically  significant  for 
water  extractable  NH|-N  concentration.  However,  at  19,  48  and  80  days, 
the  main  effect  of  fertilizer  level  within  SS  rate  was  significantly 
linear  (Table  A-I3). 

With  PM  at  the  last  three  samplings,  of  interaction  between  PM 
rates  and  fertilizer  level  was  significant.  However,  at  80  and  111 
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days,  increase  in  NH^-N  in  water  extracts  due  to  fertilizer  level  was 
linear  and  positive  with  both  PM  rates.  At  48  days,  the  trend  observed 
was  quadratic  for  fertilizer  level  at  both  PM  rates. 

At  both  BC  rates  in  combination  with  fertilizer  levels,  the  main 
effect  for  fertilizer  level  was  significantly  linear  at  19,  40  and  80 
days  for  NH^-N  concentration  in  water  (Table  A-I3).  However,  for  FO 
amendment,  only  at  19  days  there  was  a linear  effect  that  was 
statistically  significant. 

Average  means  of  water  extractable  NH|-N  found  when  PM  was  utilized 
were  significantly  higher  than  average  means  found  for  SS  at  19,  48  and 
111  days.  Also,  it  was  observed  at  all  soil  samplings  that  average 
means  of  NH^-N  were  significantly  higher  for  organic  amendments  than 
those  observed  with  inorganic  amendments  (Tables  A-I3,  22  and  23). 

Ammonium-N  concentration  obtained  either  by  1 ^ KCl  and  by  Mehlich 
I extract  showed  quite  similar  values  between  extractants  at  all  soil 
sampling  dates  and  with  all  treatments  (Tables  21  and  22).  Conse- 
quently, only  trends  in  1 ^ KCl  values  for  NH|-N  are  reported. 

Especially  after  19  and  48  days,  the  exchangeable  NH^-N  concentration 
was  higher  than  corresponding  water  extractable  NH^-N  concentration  for 
all  treatments  (Tables  21  and  22).  This  indicated  the  degree  of  NH|-N 
held  on  the  exchange  sites. 

Exchangeable  NH^-N  differences  between  amendment  rates  were  noted 
for  both  PM  and  SS  amendments  at  the  first  soil  sampling.  At  22.4 

•ml 

Mg.ha“  of  organic  amendments,  higher  exchangeable  NH^-N  concentrations 
were  found  than  at  the  lower  amendment  level  for  the  same  fertilizer 
level  (Tables  A-I3  and  22). 
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Significant  interaction  between  SS  rate  and  fertilizer  level  was 
observed  at  all  soil  sampling  dates  for  exchangeable  NH^-N.  At  the 
first  three  sampling  dates,  at  both  rates  of  SS,  there  was  a linear 
response  to  levels  of  fertilizer.  At  111  days,  quadratic  trends  were 
observed  for  fertilizer  levels  with  both  SS  rates  (Table  A-I3). 
Significant  interaction  for  exchangeable  NH|-N  between  PM  rate  and 
fertilizer  level  was  observed  at  both  80  and  111  days  after  application 
of  treatments.  At  both  dates,  the  exchangeable  NH^— N concentration 
increased  linearly  with  increase  in  fertilizer  levels  at  both  PM  rates 
(Tables  A-I3  and  22). 

With  inorganic  amendments,  significant  trends  were  observed  for 
exchangeable  NH^-N  concentrations  and  these  were  similar  to  those 
reported  above  for  corresponding  NH^-N  concentration  in  water  extract 
(Table  23). 

Analysis  of  variance  and  significant  regression  equations  for 
available  total  N (combination  of  NO^-N  in  water  plus  NH^-N  in  1 KCl) 
found  during  the  cropping  season  are  shown  in  Tables  A-12  and  24. 

When  organic  amendments  were  used,  significant  differences  in 
available  total  N (TN)  were  found  between  rate  of  both  SS  and  PM  at  all 
four  soil  sampling  dates  (Table  A-I3).  At  19  days  for  SS  and  80  days 
for  PM,  TN  values  showed  a significant  quadratic  trend  to  increase  of 
fertilizer  level.  However,  at  all  other  dates  for  both  of  these 
amendments,  a linear  positive  response  to  fertilizer  level  was  found  for 
these  TN  values  (Tables  A-I3  and  24). 

Significant  interaction  of  TN  between  amendment  rate  and  fertilier 
level  at  19  and  111  days  for  SS  was  observed.  At  the  first  sampling, 
significant  quadratic  responses  of  TN  were  obtained  at  both  rates  of 
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Table  24*  Regression  equations  for  amendment  sources  as  a 
function  of  each  fertilizer  level  for  total 
available  N (TN)  during  the  cropping  season. 
Tomato  experiment,  1983. 


Amendment  rata  Days 

Regression  equations 

r2 

Mg.ha"^ 

Fertilizer  only 

19 

TN" 

151.9  -0.063X+1 .9x10“^x^ 

96.7*** 

48 

TN 

= 

27.8  +0.042X 

85.6*** 

80 

TN 

= 

6.56+0.0001 9x 

88.7*** 

111 

TN 

= 

-2.6  +0.012X 

76.3** 

Sewage  sludge 

11.2 

19 

TN 

104.1+0. 042x-5 . 4x1 0“^x^ 

62.8* 

22.4 

19 

TN 

= 

165.1-0.014X+1 .5x10"°x^ 

88.9** 

11.2 

48 

TN 

= 

I72.9+O.O4IX 

82.8*** 

22.4 

48 

TN 

= 

248.9+0.038X 

79.6** 

11.2 

80 

TN 

= 

50.9+0.032X 

94.3*+* 

22.4 

80 

TN 

= 

191.7+0.028X 

62.5* 

11.2 

111 

TN 

= 

21.0+0.030X 

96.0*** 

22.4 

111 

TN 

= 

84. 4+0. 01 2x 

71.7** 

Poultry  manure 

11.2 

19 

TN 

— 

110.4+0.023X 

73.0** 

22.4 

19 

TN 

= 

233. 3+0. 01 8x 

50.8* 

11.2 

48 

TN 

= 

206.4+0.022X 

74.2** 

22.4 

48 

TN 

= 

277.4+O.O29X 

41.2* 

11.2 

80 

TN 

= 

111.4+0. 008+3 .02x1 0“°x^ 

90.9** 

22.4 

80 

TN 

= 

I49.2+O.O74X-I 

80.9** 

11.2 

111 

TN 

= 

26.1+0.025X 

93.3*** 

22.4 

111 

TN 

= 

98. 0+0. 01 4x 

52.2** 

Bentonite  clay 

1.12 

19 

TN 

64.8+O.O25X 

90.4*** 

2.24 

19 

TN 

= 

87.3+0.023X 

81 .1*** 

1.12 

48 

TN 

= 

74.2+0.037X 

69.0** 

2.24 

48 

TN 

= 

II9.O+O.O36X 

71 .6** 

1.12 

80 

TN 

= 

15.3+O.OIOx 

92.1*** 

2.24 

80 

TN 

= 

18.3+0.012X 

58.6* 

1 .12 

111 

TN 

SZ 

NS 

NS 

2.24 

111 

TN 

= 

10.2+0.008X 

81 .6** 

"''Available  total  N. 

NS,  *,  **,  ***Not  significant,  significant  at  the  3%,  and 
0.1%  levels,  respectively. 
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fertilizer.  However,  at  the  last  sampling,  for  both  SS  rates 
significantly  linear  positive  trends  were  observed.  A similar 
interaction  was  significant  at  80  days  for  PM,  at  which  time  both  rates 
had  a significantly  quadratic  response  for  available  N (Tables  A-13  and 
24). 

When  inorganic  amendments  were  utilized,  TN  at  the  first  two 
sampling  dates  was  significantly  different  between  BC  rates  (Table 
A-13).  No  interaction  for  TN  was  obtained  between  BC  rate  and  ferti- 
lizer level  during  the  season.  At  19  days  for  FO  amendment,  available 
TN  values  were  significantly  quadratic  in  response  to  fertilizer 
level.  Otherwise,  the  increases  observed  for  available  TN  gave  a linear 
response  to  increase  in  fertilizer  level  throughout  the  season  (Table 
A-13). 

Average  means  for  available  TN  among  organic  amendments  were 
significantly  higher  than  those  observed  for  inorganic  amendments  at  all 
soil  samplings  (Tables  A-13,  22  and  23). 

Highest  available  TN  concentrations  were  maintained  in  the  soil 
during  the  tomato  growing  season  from  treatments  receiving  SS  and  PM, 
each  at  the  high  rate  (Figs.  7 and  8). 

Sewage  sludge,  PM,  and  BC  at  all  three  fertilizer  levels  resulted 
in  the  same  response  for  available  TN  during  the  cropping  season.  Soil 
values  indicated  that  available  TN  increased  from  19  to  48  days  and  then 
decreased  thereafter  (Figs.  7 and  8).  Note  that  the  decreases  observed 
after  48  days  for  all  amendments  were  greater  at  both  rates.  Slope  of 
these  response  curves  was  quite  similar  between  BC  rates. 

When  FO  was  used,  there  was  always  a decrease  in  available  total  N 
from  19  to  111  days  at  all  three  fertilizer  levels  (Fig.  8). 


Available  Total  N.mg-kg*^ 


97 


Fig.  7 Sewage  sludge  and  poultry  manure  treatment  means  for  available 
total  N in  the  soil  at  four  dates  after  application  of 
treatments.  Tomato  experiment,  1983* 


Avai  lable  Total  N,  mg.  kg 
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DAYS 


Bentonite  clay  and  fertilizer  only  treatment  means  for 
available  total  N in  the  soil  at  four  dates  after  application 
of  treatments.  Tomato  experiment,  1983. 


Fig.  8 
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At  each  soil  sampling,  increase  in  fertilizer  level  also  increased 
the  total  available  TN  in  the  soil.  This  effect  persisted  for  both 
organic  and  inorganic  amendments  and  for  amendment  rates. 

When  comparing  amendment  sources  at  fertilizer  levels  of  1400  and 
2800  kg.ha"  , seven  treatments  are  considered  as  stated  previously. 
Analysis  of  variance  and  main  effect  of  these  treatments  and  fertilizer 
levels  on  NO^-N  and  available  TN  in  soil  are  shown  in  Table  25. 

At  19  days  after  application  of  treatments,  soil  that  received 
inorganic  amendments  had  the  highest  NO^-N  concentration.  For  BC 
applied  at  2.24  Mg.ha“"*,  much  more  NO^-N  was  generated  than  at  I.14 
Mg. ha  For  FO  treatments,  NO^-N  was  statistically  different  from  that 
for  both  SS  or  PM  treatments  (Table  25)*  At  the  three  subsequent  soil 
sampling  dates,  soil  with  organic  amendments  had  the  highest  NO^-N 
concentrations.  Poultry  manure  at  22.4  Mg.ha”^,  followed  by  SS  at  the 
same  rate,  had  the  highest  NO^-N  concentrations.  These  two  treatments 
were  statistically  different  and  also  differed  significantly  from  the 
other  five  treatments  at  these  dates.  Poultry  manure  and  SS  at  the 
lower  rate  gave  statistically  significant  different  levels  of  NO^-N  than 
at  the  higher  rate  at  48  £^rad  80  days  after  application  of  treatments. 
However,  inorganic  amendments  did  not  differ  significantly  in  soil  NO^-N 
production  for  soil  sampled  at  48,  80,  and  111  days  (Table  25).  This 
indicated  that  organic  amendments  were  continuing  NO^-N  production 
during  the  season. 

At  all  soil  samplings,  fertilizer  at  2800  kg.ha"^  generated  higher 
NOj-N  concentration  than  at  the  lower  rate  (Table  25).  Statistical 
analysis  for  available  TN  indicated  that  main  effect  of  amendment  and 
main  effect  of  fertilizer  were  significant  at  all  four  soil  sampling 


Table  25*  Analysis  of  variance  and  main  effect  of  treatments  and  fertilizer  level  on  NO^ 
and  total  available  N in  soil  during  the  cropping  season.  Tomato  experiment, 
1983. 
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dates.  However,  interaction  between  these  two  factors  was  significant 
at  80  and  111  days  (Table  25).  Available  TN  at  the  first  two  samplings 
was  highest  for  PM  and  SS  at  22.4  Mg. ha”"*  and,  at  these  two  amendment 
sources,  were  significantly  higher  than  those  from  the  other  five 
treatments.  Lowest  available  total  N was  observed  in  soil  samples  that 
received  FO  treatments. 

Interaction  means  between  amendment  sources  and  fertilizer  levels 
are  shown  in  Table  26.  At  both  fertilizer  levels  at  80  and  111  days,  no 
differences  were  observed  for  available  TN  among  inorganic  amendments 
and  the  latter  were  statistically  lower  than  those  of  the  organic 
amendments. 

At  80  days,  SS  and  PM  at  the  higher  amendment  rate  resulted  in 
higher  available  TN  than  at  the  lower  rate,  which  held  for  both 
fertilizer  levels. 

At  111  days,  differences  between  both  fertilizer  levels  for 
available  TN  were  less  than  at  80  days.  Also,  at  this  sampling,  both  SS 
and  PM  at  the  higher  rate  continued  to  have  more  available  TN  than  at 
the  lower  amendment  rate.  The  exception  was  that  soil  with  SS  at  the 
lower  rate  with  the  higher  fertilizer  level  also  had  the  highest  level 
of  available  N.  These  data  showed  clearly  that  organic  amendments 
maintained  more  available  N than  did  inorganic  amendments  and  continued 
to  maintain  a residual  effect  from  the  fertilizer. 

Soil  Reaction,  Electrical  Conductivity  and  Moisture 

Analysis  of  variance  for  soil  pH,  EC  and  moisture  indicated  tJat 
significant  differences  existed  between  treatments  for  pH  and  EC  (not 
shown).  Significant  contrasts,  mean  square  for  soil  pH  and  EC  during 
the  cropping  season  are  shown  in  Table  A-I4. 
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Table  26.  Interaction  means  between  amendment  source  and 

fertilizer  level  for  total  available  N at  two  dates 
after  application  of  treatments.  Tomato  experiment, 
1983. 


Amendment’*’ 

Fertilizer  levels  (kg.ha“^) 

1400 

2800 

1400 

2800 

Available  TN,  mg. kg 

-1 

80  days'' 

111  days'' 

SS  (11.2 

Mg.ha"^ ) 

115 

182  c 

78  c 

119  ab 

SS  (22.4 

Mg.te“^ ) 

237  a 

309  a 

106  b 

129  a 

PM  (11.2 

Mg.ha""* ) 

140  b 

161  c 

57  c 

107  b 

PM  (22.4 

Mg.ha""* ) 

256  a 

280  b 

131  a 

139  a 

BC  (1.12 

Mg.ha~^ ) 

32  c 

54  d 

16  d 

31  c 

BC  (2.24 

Mg.ha“"' ) 

43  c 

54  d 

24  d 

34  c 

FO 

37  c 

53  d 

17  d 

32  c 

^Days  after  application  of  treatments. 

^Means  separation  within  columns  by  Duncan's  Multiple  Range 
Test,  5/6  level. 

■•■See  Table  20  for  abbreviations. 
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Means  for  soil  pH,  EC  and  moisture  for  organic  amendment  sources 
and  rates  are  shown  in  combination  with  three  levels  of  fertilizer  in 
Table  27- 

Soil  pH  values  were  slightly  decreased  for  both  organic  amendments 
at  each  sampling  time  when  fertilizer  was  increased  from  0 to  2800 
kg. ha  . However,  a substantial  decrease  in  soil  pH  was  observed  at 
each  fertilizer  level  when  fertilizer  was  combined  with  organic 
amendments,  as  shown  from  19  to  80  days  after  application  of  treatments 
(Table  26).  In  general,  soil  pH  values  at  22.4  Mg.ha”^  of  either 
organic  amendment  tended  to  be  slightly  higher  than  at  11.2  Mg.ha”^. 
However,  only  at  19  days  for  SS,  did  pH  value  at  the  higher  rate  differ 
from  that  at  the  lower  rate  (Tables  A-I4  and  26).  At  80  and  111  days, 
the  main  effect  of  fertilizer  on  soil  pH  values  was  a significant  linear 
negative  trend  when  SS  was  used  (Tables  A-I4  and  27).  At  corresponding 
fertilizer  levels  and  amendment  rate,  soil  pH  from  samples  with  PM  were 
higher  than  that  with  SS  amendment.  The  average  pH  values  obtained  for 
PM  at  19>  48 > 80  and  111  days  were  significantly  higher  than  those 
obtained  for  SS  at  all  dates  above  (Tables  A-I4  and  27).  All  pH  values 
were  in  an  optimum  range  for  tomato. 

Soil  EC  increased  with  fertilizer  level.  At  both  amendment  sources 
and  rates  and  for  all  soil  sampling  dates,  this  increase  in  EC  was 
noted.  From  19  to  111  days,  the  EC  values  decreased  with  all 
treatments.  This  was  indicative  of  salt  removal  by  tomato  plants  or 
lost  by  leaching.  Significant  difference  in  EC  was  observed  between 
amendment  rates  for  SS  and  PM  at  48  and  80  days.  For  both  amendments, 
the  higher  rate  had  higher  EC  values  (Tables  A-I4  and  28).  At  all  four 
samplings  for  both  organic  amendments,  a significant  linear  positive 


Table  27.  Effects  of  organic  amendment  source  and  rates  and  of  fertilizer  levels  on  soil  pH 
EC  and  soil  moisture  at  four  dates  after  application  of  treatments.  Tomato 
experiment,  1983. 
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Table  28.  Effects  of  inorganic  amendments  sources,  rates  and  fertilizer  levels  on  soil  pH, 
EC  and  soil  moisture  at  four  dates  after  application  of  treatments.  Tomato 
experiment,  1983. 
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main  effect  of  fertilizer  level  was  observed.  An  interaction  between  SS 
and  PM  rates  and  fertiizer  level  was  significant  only  at  80  days. 

Average  EC  means  for  PM  and  SS  was  statistically  different  only  at  48 
days  (Table  A-I4). 

Means  for  soil  pH,  EC  and  moisture  for  inorganic  amendment  sources 
are  shown  in  Table  28.  As  observed  with  organic  amendments,  pH  and  EC 
values  decreased  from  19  to  80  days  after  application  of  treatments.  At 
80  and  111  days,  the  main  effect  of  fertilizer  with  BC  amendment  was  a 
significant  linear  decrease  in  pH  values  when  the  fertilizer  level  was 
increased. 

Electrical  conductivity  values  when  FO  was  used  were  observed  to  be 
a significantly  linear  and  positive  response  to  fertilizer  level  at  19 
and  48  days  and  a quadratic  response  at  80  and  111  days.  However,  when 
BC  was  applied,  the  response  observed  to  fertilizer  level  was,  at  all 
soil  samplings,  significantly  linear  and  positive  (Tables  A-I4  and 
28).  Average  EC  values  for  FO  and  BC  were  significantly  different  at  48 
and  111  days. 

Average  pH  and  EC  means  obtained  with  organic  amendments  was 
compared  with  those  observed  with  inorganic  amendments  (Table  A-I4). 

For  soil  pH,  only  at  19  days  did  significantly  higher  pH  value  for 
organic  amendments  become  evident.  However,  for  EC  at  the  last  three 
soil  samplings,  soil  with  organic  amendment  had  significantly  higher 
values  for  EC  than  observed  for  inorganic  amendments.  This  indicated 
mineralization  of  these  amendments. 

In  order  to  compare  all  four  amendment  sources,  two  rates  of  SS, 

PM,  BC  and  FO  at  14OO  and  2800  kg.ha"^  of  fertilizer  were  selected. 
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Analysis  of  variance  and  main  effect  of  these  treatments  on  soil  pH,  EC 
and  soil  moisture  are  shown  in  Tables  A-15  and  29. 

Main  effect  of  amendment  was  significant  at  19,  80,  and  111  days 
for  soil  pH  and  at  all  soil  samplings  for  EC.  Main  effect  of  fertilizer 
was  significant  at  all  samplings  for  EC.  However,  moisture  content  was 
not  affected  significantly  by  amendment  sources  and  fertilizer  levels  at 
all  soil  sampling.  No  interaction  between  these  two  factors  was 
observed  at  any  date  for  pH,  EC  and  moisture  content. 

The  soil  pH  values  observed  at  11.2  Mg.ha“"*  of  either  organic 
amendment  did  not  differ  from  those  at  22.4  Mg.l:a“*'  sampled  at  19,  80 
and  111  days.  Lowest  pH  values  were  observed  for  SS  at  both  rates  at 
the  last  three  soil  samplings. 

Electrical  conductivity  was  affected  significantly  by  amendment 
sources  and  fertilizer  levels  at  all  four  soil  samplings  (Table  29). 
Utilization  of  organic  amendments  resulted  in  significantly  higher  EC 
values  than  those  for  inorganic  amendments.  Organic  amendments  did  not 
differ  in  EC  values  from  each  other  at  19  and  111  days  after  application 
of  treatments.  However,  at  48  and  80  days,  PM  at  22.4  Mg. ha”"*  had  the 
highest  EC  value.  Inorganic  amendments  did  not  differ  from  each  other 
in  EC  at  48  and  80  days.  At  19  and  111  days,  EC  at  both  BC  rates  was 
not  statistically  different  but  did  differ  from  that  for  FO.  Electrical 
conductivity  values  during  the  season  were  significantly  higher  with 
fertilizer  at  2800  kg.ha”"*  tten  at  1400  kg. ha""*  (Table  29). 

Carbon  Dioxide  Evolution 

Cumulative  CO2-C  evolution  in  selected  treatments  was  observed 
during  60  days  of  incubation  (Fig.  9).  Amendment  sources  had  a 
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Table  29*  tfein  effect  of  amendment  sources  and  fertilizer  levels  on  soil 
pH,  EC  and  moisture  when  fertilizer  at  I4OO  and  2800  kg.ha"”* 
were  considered  at  four  dates  after  application  of 
treatments.  Tomato  experiment,  1983. 


Treatments 

pH 

EC 

Moisture 

pH 

EC  Moisture 

dS.m"'' 

g.kg"^ 

dS.m"'' 

g.kg"'' 

Amendment'*’ 

19  days“ 

48  days' 

SS  (11.2  Mg.ha"^) 
SS  (22.4  Mg. ha"'*) 

e.TIbc^ 

3.30a 

177 

5.94 

2.44b 

165 

7.03ab 

3.24a 

175 

6.04 

2.68b 

164 

PM  (11.2  Mg. ha"'') 
PM  (22.4  Mg. ha"'') 
BC  (1.12  Mg. ha"'') 

y.OOab 

3.07a 

189 

6.27 

2.56b 

171 

7.17a 

3.30a 

182 

6.35 

2.98a 

169 

6.30d 

2.57b 

183 

6.19 

1.53c 

174 

BC  U.24  Mg. ha"'') 

6.40cd 

2.56b 

198 

6.39 

1.45c 

184 

FO 

6.54cd 

2.19c 

185 

6.34 

1 .28c 

173 

F values 

*** 

*** 

NS 

NS 

*** 

NS 

Fert.  levels  (kg.ha~"*) 


1400 

2800 

F values 

6.73 

6.72 

NS 

2.48 

3.30 

*** 

19  days“ 

185 

183 

NS 

6.21 

6.22 

NS 

1.69 

2.58 

*** 

48  days'' 

173 

170 

NS 

Amendment'*' 

SS  (11  .2  Mg.l:^"'') 
SS  (22.4  Mg. ha"'') 
PM  (11.2  Mg. ha"'') 

5.83c 

1.35b 

113 

6.11c 

1 .51a 

125 

5.91bc 

1 .54ab 

115 

6.22bc 

1.53a 

134 

6.15ab 

1 .36b 

116 

6.42ab 

1 .48a 

126 

PM  U2.4  Mg.ha"^) 
BC  (1 .12  Mg. ha"'') 
BC  (2.24  Mg. ha"'') 

6.21a 

1 .70a 

145 

6.42ab 

1.55a 

128 

6.29a 

0.86c 

124 

6.48ab 

0.91b 

143 

6.33a 

1 .03c 

140 

6.57a 

0.91b 

149 

FO 

6.13ab 

0.89c 

107 

6.56a 

0.76c 

150 

F values 

*** 

*** 

NS 

** 

*** 

NS 

Fert.  levels  (kg.ha~"*) 


1400 

6.17 

1.04 

126 

6.46 

0.96 

138 

2800 

6.07 

1.45 

120 

6.36 

1 .50 

135 

F values 

NS 

*** 

NS 

NS 

NS 

NS,  *,  **,  ***F  value  not  significant,  significant  at  the  ^%,  and  0.1% 
level,  respectively. 

^Amendment  mean  separation  within  columns  by  Duncan's  Multiple  Range  Test, 
5%  level. 

“Days  after  application  of  treatments. 

■•■See  Table  20  for  abbreviations. 
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days  of  incubation 


Fig.  9 Main  effect  of  amendment  and  fertilizer  level  on  cumulative 

CO2-C  production.  Tomato  experiment,  1982.  See  Table  A- 13  for 
abbreviations. 
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significant  influence  on  the  amount  of  CO2-C  evolved  from  all  six 
treatments  sampled.  However,  only  fertilizer  level  had  a significant 
influence  on  CO2-C  production  at  38  and  60  days  after  the  beginning  of 
the  incubation  period  (Table  A-16). 

Highest  and  lowest  cumulative  CO2-C  evolution  during  the  incubation 
was  observed  with  PM  at  22.4  Mg.ha“"*  (termed  PM2)  and  lowest  rate  of  BC 
(termed  BC^ ) . For  PM2  soils  values  increased  from  0.24  to  O.96  g 
C02~C.kg  of  dry  soil  at  3 and  60  days,  respectively.  Similarly  the 
BC^  values  increased  from  0.24  to  0.96  g C02-C.kg“”'  of  dry  soil  during 
the  same  period,  the  PM2  values  were  significantly  more  than  from  the 
other  six  amendments.  Other  organic  amendments  (SS^ , SS2  and  PM^ ) 
formed  an  intermediate  group  in  regard  to  cumulative  GO2-C  evolved  and 
these  treatments  did  not  differ  significantly  (Table  A-16  and  Fig.  9). 

Another  group  comprised  by  FO,  BC  and  BC2  produced  the  lowest 
amount  of  cumulative  CO2-C  evolution  during  the  incubation  period  and 
did  not  show  significant  differences  among  them  (Table  A-16  and  Fig.  9). 

At  the  end  of  the  incubation  period,  average  means  for  cumulative 
CO2-C  evolved  with  organic  amendments  was  61^  more  than  for  average 
means  observed  with  inorganic  amendment  sources. 

With  increase  in  fertilizer  level,  the  CO2-C  evolved  was  greater 
during  the  incubation  periodi  However,  the  increase  was  very  small, 
although  significant  differences  were  observed  at  38  and  60  days  (Table 
A-I6  and  Fig.  9). 

Organic  Matter  and  Cation  Exchange  Capacity 

Of  the  21  original  treatments,  11  treatments  were  selected  for 
determination  of  OM  and  CEC.  Both  of  these  analyses  were  made  at  19,  80 
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and  152  days  after  field  application  of  treatments.  Analysis  of 
variance  and  means  for  those  treatments  are  shown  in  Table  30. 

Values  of  pH  in  0.5  M_  CaCl2i  which  was  the  initial  solution 
utilized  to  saturate  the  soil  for  CEO  determination,  were  recorded. 

These  values  were  lower  than  corresponding  values  observed  with  water  at 
19  and  80  days  (Tables  6 and  30).  Treatments  had  no  significant 
influence  on  pH  values  at  any  of  the  three  sampling  dates. 

Organic  amendments,  SS  and  PM  at  higher  rate  (22.4  Mg.ha”''),  with 
or  without  fertilizer,  had  the  highest  values  for  OM,  and  did  not  differ 
between  each  other  throughout  the  season.  The  lowest  OM  values  were 
obtained  when  inorganic  amendments  FO  or  BC  were  used.  With  all 
treatments,  OM  values  remained  almost  constant  from  19  to  152  days  after 
application  of  treatments.  Average  mean  of  soil  OM  between  organic 
amendments  SS  and  PM  were  24.6,  24.5  and  a 24.5  g.kg“"'  at  19,  80  and  152 
days,  respectively.  At  these  same  dates,  the  average  means  for 
inorganic  amendments  were  20.0,  19*3  and  19.2  g.kg"'’,  respectively. 

Treatments  had  a significant  influence  on  CEO  values  at  19  and  80 
days.  Highest  values  for  CEO  at  19  days  were  obtained  from  SS  at  22.4 
Mg.ha“^,  PM  at  11.2  or  22.4  Mg. ha"’’,  and  BC  at  2.24  Mg. ha"’’.  Among 
these  treatment  means,  no  significant  difference  was  observed.  Treat- 
ment with  FO,  SS  at  11.2  Mg. ha"’’  and  BC  at  1.12  Mg. ha"’’  had  the  lowest 
CEC  values  at  19  days.  At  80  days,  responses  of  CEC  to  treatments  were 
quite  similar  to  those  observed  at  19  days.  In  all  treatments  the  CEC 
increased  slightly  with  time  after  treatment  was  applied.  The  average 

means  for  CEC  with  organic  amendments  were  53.0,  55.5  and  58.0  mmol  (V2 
Ca^^).kg  ’’ , at  19>  80  and  152  days,  respectively.  With  inorganic 
amendments,  these  corresponding  average  means  for  CEC  were 
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41  «2,  42.9  and  44*0  mmol  O/2  Ca'*'^)  ,kg“"'  at  the  same  three  dates, 
respectively. 

Ion  Concentration  in  Water  Extract 

Analysis  of  variance  and  significant  contrasts  for  Ca,  Mg,  K and  Cl 
in  water  are  shown  in  Tables  A-I7  and  A-18.  Means  for  these  elements 
obtained  from  organic  amendment  sources  are  shown  in  Table  31 . 

Soluble  Ca  concentrations  extracted  from  soil  with  SS  and  PM  at  48 
and  111  days  were  significantly  higher  at  the  higher  amendment  rate. 

The  interaction  between  amendment  rates  and  fertilizer  level  was  signi- 
ficant at  43  days  for  both  SS  and  PM  treatments.  However,  soluble  Ca 
had  a significant  linear  and  positive  trend  for  both  rates  of  SS  and  a 
quadratic  trend  for  PM  with  increase  in  the  level  of  fertilizer  used. 

At  111  days,  interaction  was  observed  only  at  both  rates  of  SS;  quad- 
ratic responses  to  level  of  fertilizer  added  were  found.  At  the  same 
date,  the  main  effect  of  fertilizer  with  PM  amendments  was  significant 
and  the  responses  were  linear  and  quadratic  (Tables  A-18  and  31 ) . 

Soluble  Mg  concentrations  for  both  amendment  sources  at  all  four 
sampling  dates,  except  for  SS  at  19  days,  were  significantly  higher  with 
22.4  Mg.ha”^  than  with  11.2  Mg. ha"'’.  At  19,  48,  80  and  111  days, 
interaction  between  amendment  rate  and  fertilizer  level  was  significant 
for  SS.  Except  at  48  days,  soluble  Mg  concentration  for  both  rates  of 
SS  had  a significant  linear  positive  trend  to  fertilizer  levels. 

However,  at  80  days  with  SS,  a significant  quadratic  response  for  both 
rates  were  observed  (Tables  A-18  and  31 ). 

With  PM  treatment,  a significant  linear  positive  main  effect  of 
fertilizer  level  on  Mg  concentration  was  observed  at  48  and  111  days. 


Table  31.  Effects  of  organic  amendment  sources  and  rate  and  of  fertilizer  levels  in  water 
extracted  soil  Ca,  Mg,  K and  Cl  concentration  at  four  dates  after  application  of 
treatments.  Tomato  experiment,  1983. 
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At  80  days,  the  interaction  was  significant  and  a quadratic  trend  to 
fertilizer  level  was  found  at  both  rates  of  PM. 

Soluble  K concentration  at  all  four  samplings  for  PM  soil  was 
significantly  higher  with  22.4  Mg. ha"'’  than  11.2  Mg. ha"'’.  For  SS 
treatment,  the  main  effect  of  fertilizer  was  significantly  linear  at  all 
soil  samplings.  However,  in  soil  with  the  PM,  the  main  effect  of 
fertilizer  was  significantly  quadratic  to  fertilizer  level  at  the  four 
samplings.  An  interaction  between  amendment  rate  and  fertilizer  level 
for  K extracted  was  significant  for  SS  at  19,  48  and  111  days  and  for  PM 
at  all  soil  samplings  (Tables  A-18  and  31). 

Soluble  Cl  at  the  first  three  dates  for  SS  and  at  all  soil 
samplings  for  PM  soil  treatments  was  significantly  different  between 
both  amendment  sources.  At  all  soil  samplings.  Cl  values  had  a 
significant  linear  main  effect  of  fertilizer  level  for  both  SS  and  PM. 
However,  at  19>  48  and  80  days,  interaction  effect  for  soil  Cl  was  found 
between  PM  rate  and  fertilizer  level  (Tables  A-18  and  31). 

Mean  values  obtained  from  inorganic  amendment  at  four  dates  after 
application  of  treatments  are  shown  in  Table  32. 

Soluble  Ca  concentration  at  19  and  48  days,  when  FO  was  used,  had  a 
significant  quadratic  effect  with  increase  in  the  fertilizer  level.  At 
19  days  for  BC,  interaction  between  amendment  rate  and  fertilizer  level 
was  significant.  At  48  days,  main  effect  of  fertilizer  was  significant 
when  combined  with  BC.  At  each  sampling,  BC  rate  did  not  affect  Ca 
level  extracted  (Tables  A-18  and  32). 

Soluble  Mg,  when  FO  was  used,  had  a significant  quadratic  response 
with  increase  in  the  fertilizer  level.  For  BC,  a significant  difference 
was  found  between  rates  at  19  and  80  days.  At  19  days,  for  BC 


Table  32.  Effects  of  inorganic  amendment  sources  and  rate  and  of  fertilizer  levels  on  water 
extractable  soil  Ca,  Mg,  K and  Cl  concentration  at  four  dates  after  application  of 
treatments.  Tomato  experiment,  1983. 
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treatment,  interaction  between  amendment  rate  and  fertilizer  level  was 
significant.  At  48  days,  the  only  statistical  significance  in  Mg  level 
was  a linear  main  effect  of  fertilizer  level  when  BC  was  applied  (Tables 
A-18  and  32). 

Soluble  K concentration  had  significant  quadratic  trends  when  rates 
of  FO  were  applied  at  the  first  two  samplings.  At  80  days,  this  trend 
was  linear  and  at  111  days  was  not  significant.  When  BC  was  the  amend- 
ment, only  at  48  days  did  the  rate  become  significantly  different. 
However,  at  all  soil  samplings,  the  main  effect  of  fertilizer  on  soluble 
K concentration  was  a significant  linear  effect  (Tables  A-18  and  32). 

Soluble  Cl  had  a quadratic  response  to  FO  rates  at  19  and  80 
days.  However,  at  48  and  111  days,  a linear  significant  response  was 
observed.  When  soil  received  BC,  at  the  first  two  samplings.  Cl 
concentration  response  to  fertilizer  level  was  linear.  At  the  last  two 
samplings,  the  response  to  fertilizer  was  quadratic  (Tables  A-18  and 
32). 

Ion  Concentration  in  Mehlich  I Extract 

Analysis  of  variance  and  means  for  the  effect  of  amendment  sources 
and  rates,  and  of  fertilizer  levels  on  macronutrient  concentrations  in 
Mehlich  I soil  extract  at  four  dates  after  application  of  treatments  are 
shown  in  Tables  A-19  and  33,  respectively. 

The  Ca  level  differed  between  SS  amendment  rates  at  all  four 
samplings.  However,  for  PM,  only  at  the  first  and  last  samplings  did  Ca 
differ  significantly  with  amendment  rate.  Quadratic  response  for  mean 
effect  of  fertilizer  level  was  observed  for  Ca  extracted  at  19,  80  and 
111  days.  However,  at  19  and  111  days,  interaction  was  significant 
between  PM  rate  and  fertilizer  level  (Tables  A-20  and  33). 


Table  33.  Effects  of  organic  amendment  sources  and  rate  and  of  fertilizer  level  on  mean 
macronutrient  concentration  in  Mehlich  I soil  extract  at  four  dates  after 
application  of  treatments.  Tomato  experiment,  1983. 
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Magnesium  concentration  in  soil  with  SS  was  significantly  higher 
with  22.4  Mg. ha  ^ than  at  11.2  Mg. ha”"'.  With  PM,  this  response  was 
observed  only  at  80  days.  Interaction  between  SS  amendment  rate  and 
fertilizer  level  was  significant  at  the  first  three  soil  samplings,  and 
for  PM  at  the  first  two  samplings  (Tables  A-20  and  33). 

Potassium  concentration  in  these  extracts  was  not  affected  by  SS 
rates.  However,  PM  rates  had  significantly  higher  values  for  K at  22.4 
Mg. ha  than  at  11.2  Mg. ha”  at  all  soil  samplings.  At  the  last  three 
samplings,  the  use  of  SS  resulted  in  a significant  linear  positive  trend 
for  K for  the  main  effect  of  fertilizer.  Significant  linear  main  effect 
of  fertilizer  level  on  K response  was  observed  for  PM  at  all  soil 
samplings.  However,  the  interaction  between  PM  amendment  rate  and 
fertilizer  level  was  significant  for  K values  at  19,  48  and  111  days. 

At  19  days,  both  PM  rates  showed  quadratic  trends  to  fertilizer  level, 
but  at  48  and  111  days  this  trend  was  linear  (Tables  A-20  and  33). 

Phosphorus  concentrations  had  few  significances  for  both  amendment 
sources  and  most  of  them  were  at  the  5%  level  of  significance.  Rate  of 
SS  interaction  with  fertilizer  on  P level  was  significant  at  48  days. 

For  PM,  the  main  effect  of  fertilizer  was  linear  at  80  and  111  days,  P 
concentration  increased  with  increase  in  the  level  of  fertilizer  applied 
(Tables  A-20  and  33). 

Means  of  inorganic  amendment  sources  and  rates  and  of  fertilizer 
levels  for  macronutrients  on  Mehlich  I soil  extract  are  shown  in  Table 
34*  When  FO  was  applied,  level  of  Ca  extracted  had  a significant 
quadratic  response  at  48  days  and  linear  response  to  fertilizer  rate  was 
observed  at  48  days.  At  80  days,  this  response  was  linear  (Tables  A-20 
and  34). 
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At  the  three  first  samplings,  the  two  rates  of  BC  were 
statistically  different  in  Ca  extracted  and  its  higher  BC  rate  gave 
higher  Ca  concentration.  For  soil  with  BC,  at  19  and  48  days,  the  main 
effect  of  fertilizer  was  a significant  quadratic  response  in  Ca 
concentration  (Tables  A-20  and  34). 

Magnesium  concentration  in  soil  extracted  by  Mehlich  I was  affected 
significantly  by  BC  rates  at  the  three  first  samplings.  Bentonite  clay 
at  2.24  Mg.ha”^  had  much  more  Mg  than  at  1.12  Mg. ha”"*.  Also  for  BC,  at 
48  and  80  days,  main  effect  of  fertilizer  had  a significant  quadratic 
trend  (Tables  A-20  and  34). 

Potassium  concentration  at  19  and  111  days,  when  FO  was  utilized, 
had  a significant  quadratic  response  to  increase  in  the  fertilizer 
levels  from  I4OO  to  4200  kg.ha“^.  At  these  dates  the  K concentration 
for  BC  at  2.24  Mg.ha""*  was  significantly  higher  than  for  BC  at  1.12 
Mg. ha  At  19»  48  ^rid  111  days  for  BC,  the  main  effect  of  fertilizer 

was  a significant  linear  positive  effect  for  K concentration  with 
increase  in  level  of  fertilizer  utilized  (Tables  A-20  and  34). 

Phosphorus  concentrations  at  80  and  111  days  were  significantly 
affected  by  fertilizer  levels  when  FO  was  used.  At  80  days,  fertilizer 
effect  had  a significant  linear  positive  trend  for  P concentration. 
However,  at  111  days,  a quadratic  trend  was  observed.  When  BC  was  used, 
the  only  significance  observed  was  between  rates  at  80  days,  the  higher 
rate  gave  higher  P concentration  (Tables  A-20  and  34). 

Statistical  analysis  for  the  effects  of  amendment  sources  and  rates 
and  of  fertilizer  levels  on  Cd,  Ni,  Mn,  Fe,  and  Zn  concentration  in 
Mehlich  I extract  at  four  dates  after  application  of  treatments  are 
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shown  in  Table  A-20.  In  Table  35  are  shown  concentration  means  of  these 
five  elements  in  Mehlich  I extract  when  SS  and  PM  were  applied. 

Average  Cd  concentration  for  soil  with  SS  was  1220  Ug.kg"^  compared 
to  an  average  for  PM  of  50  Ug.kg"'' . Highest  Cd  value  of  1903  Pg.kg"'' 
was  observed  with  22.4  Mg.ha"”'  of  SS  combined  with  2800  kg. ha"’’  of 
fertilizer  for  soil  sampled  at  48  days  after  application  of 
treatments.  The  lowest  Cd  value  for  SS  was  340  bg.kg"’’  observed  after 
111  days  when  no  fertilizer  was  applied.  Only  for  SS  did  the  Cd 
concentration  become  significantly  affected  by  treatments.  At  all  four 
samplings,  Cd  was  statistically  higher  at  the  higher  SS  rate.  At  all 
soil  samplings,  the  main  effect  of  fertilizer  level  combined  with  SS  was 
a significant  linear  positive  trend  for  Cd.  However,  except  for  19 
days,  the  interaction  between  amendment  rates  and  fertilizer  levels  was 
significant  (Tables  A-21  and  35). 

Average  Ni  concentration  for  SS  treatment  was  1970  Pg.ha"’’  and  for 
PM  this  average  was  301  bg.kg"’’.  Highest  Ni  value  of  2870  bg.kg”’'  was 
observed  at  111  days  when  SS  at  22.4  Mg. ha"’’  was  combined  with 
fertilizer  at  2800  kg. ha"’’.  The  lowest  Ni  concentration  for  SS  was  1000 
Ug.kg  observed  at  111  days  when  no  fertilizer  was  used.  As  observed 
for  Cd,  Ni  concentration  was  only  significantly  affected  when  SS  was 
applied.  This  effect  of  SS  rate  was  found  at  all  four  samplings  and  was 
statistically  different  between  them.  The  higher  SS  rate  always  gave 
the  higher  Ni  concentration.  At  19  and  80  days,  the  interaction  effect 
for  Ni  between  SS  rate  and  fertilizer  level  was  significant  (Tables  A-21 
and  35 ) . 

Manganese  concentration  in  soil  extract  increased  with  increase  in 
SS  or  PM  rates.  For  SS,  a significant  difference  between  rates  was 


Table  35.  Effects  of  organic  amendment  sources  and  rates  and  of  fertilizer 

level  of  Cd,  Ni,  Mn,  Fe  and  Zn  concentration  in  Mehlich  I extract  at 
four  dates  after  application  of  treatments.  Tomato  experiment,  1983 
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observed  at  all  soil  samplings.  For  soil  with  PM,  only  at  the  last  two 
samplings  was  a significant  difference  between  rate  detected. 

Interaction  in  Mn  level  between  SS  amendment  rates  and  fertilizer  level 
was  observed  at  19  and  48  days  and  a similar  effect  on  Mn  extracted  was 
noted  at  19  and  80  days  for  PM  amendment  (Tables  A-21  and  36). 

Iron  concentrations  in  soil  extracted  with  Mehlich  I were  greater 
than  concentrations  of  Mn  and  Zn.  Statistical  significance  between 
amendment  rates  was  observed  for  Fe  values  at  48  and  80  days  for  SS  and 
only  at  19  days  with  PM.  In  general,  the  higher  rate  gave  higher  Fe 
values.  For  SS,  interaction  effect  between  amendment  rate  and 
fertilizer  level  was  significant  for  Fe  at  the  last  three  samplings 
(Tables  A-21  and  36). 

As  observed  for  Cd  and  Ni,  the  Zn  concentrations  in  the  soil  re- 
ceiving when  SS,  were  much  greater  than  those  with  other  amendment 
sources.  Significant  difference  in  Zn  extracted  between  SS  rates  was 
observed  at  all  soil  sampling  dates.  With  SS  at  22.4  Mg.ha~\  higher  Zn 
concentration  vras  found.  At  the  last  three  samplings,  the  interaction 
between  SS  rates  and  fertilizer  level  was  significant  (Tables  A-21  and 
36). 

Significant  contrasts  and  means  for  Cd,  Ni,  Mn,  Fe  and  Zn  in 
Mehlich  I soil  extract,  when  inorganic  amendments  were  used,  are  shown 
in  Tables  A-21  and  36,  respectively. 

Statistically  significant  difference  for  Cd  and  Ni  concentration  in 
soil  was  not  observed  between  treatments  when  FO  or  BC  were  used. 

Average  Cd  and  Ni  concentrations,  when  FO  was  added,  were  52  and  505 
pg.kg~\  respectively.  For  BC,  these  averages  were  48  and  420  yg.kg""' 
for  Cd  and  Ni,  respectively.  These  two  averages  were  significantly 


Table  36.  Effects  of  inorganic  amendment  source  and  rate  and  of  fertilizer  levels 
on  Cd,  Ni  Mn,  Fe  and  Zn  concentration  in  Mehlich  I extract  at  four  dates 
after  application  of  treatments.  Tomato  experiment,  1983. 
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lower  than  those  observed  for  SS  at  all  soil  samplings  (Tables  A-21 , 35 
and  36) . 

Manganese  concentrations  were  not  affected  significantly  when  FO 
was  utilized.  When  BC  was  used,  soil  extract  Mn  at  80  and  111  days  gave 
significant  differences  between  rate  and  also  had  a significant 
quadratic  main  effect  of  fertilizer  level,  respectively  (Tables  A-21  and 
36). 

Both  Fe  and  Zn  concentrations  had  a significant  linear  positive 
trend  at  19  and  111  days  when  FO  was  applied.  However,  at  48  and  80 
days,  a quadratic  trend  in  both  Fe  and  Zn  values  were  observed. 
Significant  changes  in  Fe  and  Zn  concentrations  was  not  observed  when  BC 
amendment  was  used  (Tables  A-21  and  36). 

Tissue  Analysis 

Nutrient  Concentration  in  Leaf  and  Fruit 

Amendment  sources  and  rate  and  fertlizer  level  effects  on  leaf 
tissue  macronutrients  at  three  dates  after  transplant  are  shown  in  Table 
A-22. 

Means  of  metals  for  leaf  macronutrients  from  organic  amendments  at 
two  rates  combined  with  three  fertilizer  levels  are  shown  in  Table  37* 
Phosphorus  and  Ca  concentrations  were  not  affected  by  treatments  at  all 
soil  samplings  (Table  A-22).  However,  concentrations  of  N,  K and  Mg 
were  significantly  affected. 

Total  N concentrations  on  tomato  leaf  were  significantly  higher  at 
22.4  Mg.ha”"*  than  at  11.2  Mg.ha”"*  for  both  SS  and  PM  amendments,  at  63 
and  93  days  after  transplant.  For  SS,  the  average  N concentration  was 
37»9  S«kg“  at  the  lower  rate  and  4O.8  g.kg“  at  the  higher  one.  For 
PM,  the  average  N concentration  was  39*6  and  46.5  g.kg"”*  at  the  lower 


Table  37.  Effect  of  organic  amendment  sources  and  rate  and  of  fertilizer  levels 
on  macronutrient  concentrations  of  leaf  tissue  at  three  dates  after 
transplant.  Tomato  experiment,  1983. 
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and  higher  rate,  respectively.  With  all  treatments,  leaf  N concentra- 
tion increased  from  41  to  63  days  and  after  that  it  decreased.  Poultry 
manure  when  compared  with  S3  at  the  same  rate  and  fertilizer  level  had 
slightly  more  N in  the  leaf.  For  S3  at  93  days  and  PM  at  41  and  93 
days,  the  main  effect  of  fertilizer  level  was  a significant  linear 
positive  response  for  N concentration  on  tomato  leaf  (Tables  A-22  and 
37). 

Potassium  concentration  of  leaf  tissue  from  soil  when  organic 
amendments  were  used  had  few  significant  effects.  At  63  days, 
interaction  between  33  amendment  rate  and  fertilizer  levels  was  signi- 
ficant. At  93  days,  PM  rates  significantly  affected  K level  and  the 
main  effect  of  fertilizer  levels  was  a significant  linear  positive  trend 
(Tables  A-22  and  37). 

Magnesium  concentrations  of  tomato  leaf  were  significantly  affected 
when  33  was  applied.  At  93  days,  tissue  from  both  33  rates  differed  in 
Mg  content  from  each  other.  At  all  three  samplings,  the  main  effect  of 
fertilizer  was  a significant  linear  Mg  response  with  increase  in  the 
level  of  fertilizer.  However,  at  4I  days,  the  interaction  effect  on  Mg 
concentration  was  significant.  In  this  case,  the  main  effect  of  ferti- 
lizer should  not  be  considered.  When  PM  was  applied.  Mg  concentrations 
in  the  leaf  tissue  were  not  significantly  affected  by  amendment  rate  and 
fertilizer  level  (Tables  A-22  and  37). 

When  inorganic  amendments  were  used,  macronutrient  concentrations 
on  tomato  leaf  are  shown  in  Table  37.  For  both  FO  and  BC  treatments, 
the  tissue  N concentration  had  lower  values  than  those  observed  with  33 
and  PM,  especially  at  the  tiigher  rate  (Tables  37  and  38).  The  average  N 
concentration  for  FO  was  35.1  g.kg"'*  and  for  added  BC  was  35.2  g.kg"''. 
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When  FO  was  applied,  the  N concentration  of  leaf  tissue  had 
significant  quadratic  and  linear  trends  with  fertilizer  level  at  41  and 
63  days,  respectively.  When  BC  was  applied,  at  all  leaf  samplings,  the 
main  effect  of  fertilizer  level  on  N concentration  was  a significant 
linear  positive  trend  and  no  interaction  was  observed  (Tables  A-22  and 
38). 

Potassium  concentration  of  leaf,  only  at  41  days,  was  affected 
significantly  when  FO  was  applied.  At  this  time,  with  increase  of 
fertilizer  level,  the  K concentration  in  the  leaf  increased  linearly. 
Where  BC  was  applied,  at  the  last  two  samplings  was  there  a significant 
between  BC  rates.  Also  with  BC  at  4I  sind  63  days,  the  main 
effect  of  fertilizer  was  a quadratic  response  for  K concentration  with 
increase  in  fertilizer  level  applied  (Tables  A-22  and  38). 

Magnesium  concentration  was  not  influenced  significantly  by  rates 
of  FO  utilized.  For  BC  treatment,  the  only  significance  observed  was  at 
41  days  where  the  main  effect  of  fertilizer  additions  had  significant 
linear  and  quadratic  responses  (Tables  A-22  and  38). 

In  order  to  compare  all  four  amendment  sources,  two  rates  of  SS, 

PM,  BC,  and  FO  at  I4OO  and  2800  kg~"*  of  fertilizer  were  selected. 
Analysis  of  variance  and  main  effect  of  these  amendment  sources  and 
fertilizer  levels  on  N,  K,  and  Mg  concentration  of  tomato  leaf  are  shown 
in  Table  39*  Data  about  P and  Ca  concentrations  were  omitted  because  no 
significant  differences  due  to  treatment  were  observed. 

At  all  leaf  samplings,  the  highest  N concentration  was  observed 
with  PM  at  22.4  Mg.ha"^.  This  treatment  was  significantly  different 
from  PM  at  11.2  Mg. ha"''  or  from  S3  at  22.4  Mg.l^"'',  at  the  first  two  and 
at  all  leaf  samplings,  respectively.  Throughout  the  season,  these  three 


Table  38.  Effect  of  inorganic  amendment  source  and  rate  and  of  fertilizer  level  on  macronutrient 
concentrations  on  tomato  leaf  tissue  at  three  dates  after  transplant.  Tomato 
experiment,  1983. 
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concentration  on  tomato  leaf  at  three  dates  after  transplant.  Tomato  experiment,  1983. 
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above  treatments  were  statistically  different  in  tissue  N compared  to 
that  where  BC  or  FO  was  used.  No  significant  difference  in  total  leaf  N 
among  inorganic  amendments  was  found  during  the  tomato  cropping  season 
(Table  39)-  Average  N concentrations  in  tomato  leaf  for  organic 
amendments  were  42,  45  and  35  g.kg“^  of  dry  tissue  at  41,  63  and  93 
days,  respectively.  At  these  dates,  inorganic  amendments  had  an  average 
N of  39,  38  and  25  g*kg“”',  respectively. 

With  increase  in  the  fertilizer  level,  the  leaf  N content  also  in- 
creased. At  41  and  93  days,  fertilizer  at  2800  kg.ha""'  had  higher 
significant  N concentration  in  tomato  leaf  than  at  I40O  kg.lm""'  (Table 
39). 

Potassium  concentration  in  the  leaf  was  not  affected  significantly 
by  treatments  at  41  days  after  transplant.  At  63  days,  PM  at  both  rates 
did  not  differ  from  BC  at  2.24  Mg.l^"'’.  However,  PM  at  the  lower  rate 
had  the  highest  K concentration  in  leaf  tissue;  the  lowest  concentration 
at  this  time  was  observed  for  SS  at  both  rates.  At  93  days,  PM  at  22.4 
Mg.ha"”'  gave  the  highest  K concentration  and  this  was  statistically 
different  from  the  other  treatments.  As  observed  above,  at  63  days,  the 
lowest  K concentration  was  observed  when  SS  at  both  rates  was  applied 
(Table  39) • Fertilizer  levels  had  a significant  effect  on  K concentra- 
tion in  leaf  at  all  sampling  dates.  Fertilizer  applied  at  2800  kg.ha“"* 
had  higher  leaf  K concentration  than  did  fertilizer  at  I4OO  kg.ha""* 

(Table  39). 

Magnesium  concentration  of  leaf  tissue  at  all  samplings,  except  for 
SS  at  93  days,  did  not  show  statistical  significance  between  rates  for 
the  same  amendment  source.  Sewage  sludge  always  had  higher  leaf  Mg 
concentration  than  did  other  amendments  and,  at  the  last  two  leaf 
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samplings,  both  rates  of  SS  gave  statistically  different  Mg  levels  than 
from  the  other  five  treatments.  Fertilizer  level  main  effect  was 
significant  at  4I  days.  However,  at  the  last  two  samplings.  Mg 
concentration  of  leaf  tissue  was  not  affected  by  fertilizer  levels 
(Table  39). 

Analysis  of  variance  mean  squares  for  micronutrients  and  Cd 
concentration  in  leaf  at  three  dates  after  application  of  treatment  are 
shown  in  Tables  A-23«  Significant  contrast  effects  are  given  in  Table 
A-24«  Means  for  these  elements  when  organic  amendments  were  used  are 
shown  in  Table  40. 

Cadmium  concentrations  in  tomato  leaf  ranged  from  1.66  to  7.33 
mg.kg“”'  of  dry  weight  for  SS  and  0. 48  to  0.75  mg.kg”^  for  PM.  With 
increase  in  the  SS  rate  used,  the  level  of  Cd  in  leaf  also  increased. 
Significant  difference  between  SS  rates  was  observed  at  all  leaf 
samplings.  However,  PM  at  both  rates  gave  quite  similar  leaf  Cd 
concentration.  At  all  leaf  samplings,  the  average  Cd  value  for  SS  was 
significantly  higher  than  that  observed  for  PM  (Tables  A-24  and  40). 
When  fertilizer  was  applied  in  combination  with  SS  rates,  the  Cd 
concentration  had  a significant  linear  increase  for  main  effect  of 
fertilizer  level  at  all  sampling  dates. 

Manganese  concentration  in  leaf  increased  from  41  to  93  days  after 
transplant  for  both  organic  amendments.  Significant  difference  between 
amendment  rates  was  observed  only  at  41  days  for  PM  and  at  93  days  for 
SS  treatments.  However,  significant  linear  main  effect  of  fertilizer 
level  for  both  organic  sources  was  observed  at  41  and  93  days. 
Interaction  between  PM  amendment  rate  and  fertilizer  levels  was  also 
significant  at  63  days,  but  for  SS  this  interaction  effect  was 


Table  40.  Effects  of  organic  amendment  sources  and  rates  and  of  fertilizer 
level  on  mean  values  for  tomato  leaf  micronutrients  and  Cd 
concentrations  at  three  dates  after  transplant.  Tomato  experimei 
1983. 
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significant  at  both  4I  and  93  days.  At  all  leaf  samplings,  the  highest 
average  Mn  concentration  was  found  when  SS  was  used  and  was 
significantly  higher  than  observed  for  PM  (Tables  A-24  and  40). 

Iron  concentration  in  leaf,  when  PM  was  used,  had  significant 
interaction  between  PM  rate  and  fertilizer  level  at  41  and  93  days. 
However,  when  SS  was  utilized,  statistical  difference  between  amendment 
rates  and  significant  quadratic  main  effect  for  fertilizer  level  were 
observed.  Only  at  the  last  leaf  sampling  did  the  average  Fe  concen- 
tration for  leaf  tissue  from  PM  exceed  that  from  SS  (Tables  A-24  and 

40). 

Zinc  concentration  of  leaves  of  plants  grown  on  SS  amendment  had  a 
significant  quadratic  response  to  the  main  effect  of  fertilizer  only  at 
41  days.  At  this  time,  for  PM,  the  response  for  main  effect  of 
fertilizer  was  significantly  linear.  At  93  days,  leaves  from  soil 
receiving  the  higher  rate  of  SS  had  more  Zn  in  leaf  than  at  the  lower 
rate.  For  SS  at  4I  and  63  days,  the  average  Zn  concentration  in  the 
leaf  tissue  was  58.8  and  53*8  mg.kg~1,  respectively.  For  PM,  at  the 
same  date,  the  average  Zn  concentration  was  32.3  and  33.5  mg. kg"’'.  At 
both  dates,  significant  difference  between  these  two  sources  for  Zn  was 
observed  (Tables  A-24  and  40). 

Copper  concentrations  in  leaf  tissue  were  affected  significantly 
when  SS  was  used.  At  the  first  and  last  leaf  samplings,  significant 
difference  was  found  for  Cu  level  from  SS  rates.  Also  at  this  same 
time,  interaction  in  Cu  values  between  SS  rates  and  fertilizer  level  was 
significant.  Average  Cu  concentration  in  leaf  from  SS  was  significantly 
higher  than  average  Cu  observed  for  PM  at  all  leaf  samplings  (Tables 

A-24  and  40 ) . 
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Effect  of  inorganic  amendments  on  micronutrients  and  Cd 
concentration  in  tomato  leaf  tissue  are  shown  in  Table  41 . Cadmium 
concentration  was  not  affected  significantly  when  FO  or  BC  was  used 
(Tables  A-24  and  41)*  Manganese  concentration  in  leaf  had  a significant 
quadratic  response  to  fertilizer  level  at  4I  days  when  FO  was  the 
amendment  source.  At  63  and  93  days,  Mn  was  not  affected  significantly 
when  FO  was  used.  When  BC  was  the  amendment  source,  both  the  first  and 
the  last  leaf  sampling  had  statistical  difference  in  leaf  Mn  between  BC 
rates.  Average  Mn  concentration  for  FO  was  quite  similar  to  that 
observed  for  BC  at  all  leaf  samplings  and  no  statistical  difference  was 
observed  between  them  at  the  same  leaf  sampling  date. 

Iron  concentration  in  leaf  tissue  was  only  affected  significantly 
by  BC  treatment.  At  4I  93  days,  significant  difference  in  tissue  Fe 
was  observed  between  rates.  Also,  at  these  dates,  significant  main 
effect  for  fertilizer  on  Fe  in  leaf  tissue  was  observed.  With  increase 
in  the  fertilizer  level,  Fe  content  in  the  leaf  decreased  linearly 
(Tables  A-24  arid  41)*  Average  leaf  Fe  concentrations  for  FO  was 
significantly  higher  tten  the  average  Fe  observed  for  BC  at  41  and  93 
days  after  transplant  (Tables  A-24  and  41 ) . 

Zinc  concentration  in  leaf  had  a significant  linear  positive 
response  to  fertilizer  level  when  FO  was  used.  For  BC,  at  63  and  93 
days,  significant  difference  between  rates  was  observed.  Also,  for  BC 
at  41  and  63  days,  the  main  effect  of  fertilizer  level  had  a significant 
linear  positive  response  for  Zn  in  leaf  tissue.  At  the  first  two  leaf 
samplings,  the  average  Zn  content  in  leaf  for  FO  was  significantly 
higher  than  that  observed  for  BC  (Tables  A-24  and  41 ) . 


Table  41 . Effects  of  inorganic  amendment  sources  and  rates  and  of  fertilizer  level  on 

micronutrients  and  Cd  concentrations  of  leaf  at  three  dates  of  transplant.  Tomato 
experiment,  1983. 
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Copper  concentration  in  leaf  tissue,  when  inorganic  amendments  were 
used,  had  significant  differences  for  FO.  At  4I  and  93  days,  the  effect 
of  fertilizer  had  linear  positive  trends  with  fertilizer  level  for  Cu 
content  in  tomato  leaf.  At  all  leaf  samplings,  the  average  Cu  concen- 
tration for  FO  was  not  significant  from  that  observed  for  BC  (Tables 

A-24  and  41 ) • 

Between  organic  and  inorganic  amendments  (Tables  A-24,  40  and  41 ) 
both  Cd  and  Cu  were  higher  from  organic  sources  at  all  leaf  samplings. 
Concentration  of  Mn  and  Zn  at  the  first  two  leaf  samplings  was 
significantly  higher  for  organic  amendments  than  that  obtained  for 
inorganic  amendments.  Between  organic  amendments,  the  elements 
mentioned  above  had  a higher  concentration  when  SS  was  the  amendment 
source . 

Analysis  of  variance  for  macro-  and  micronutrients  and  Cd 
concentration  in  tomato  fruit  are  shown  in  Table  A-25.  No  significant 
differences  between  treatments  were  observed  for  Ca,  Zn  and  Fe,  and 
consequently  they  were  not  reported  in  Table  A-25. 

Effects  of  organic  and  inorganic  amendments  on  macronutrient 
concentration  in  tomato  fruit  are  shown  in  Table  42.  When  fertilizer 
level  was  combined  with  SS,  the  main  effect  of  fertilizer  level  had  a 
significant  linear  positive  response  for  N in  tomato  fruit.  No 
statistical  difference  between  SS  rates  was  found  for  N in  fruit. 

However,  the  higher  PM  rate  tissue  N concentration  was  significantly 
higher  than  that  observed  for  PM  at  the  lower  rate.  Average  N in  fruit 
observed  with  SS  did  not  differ  from  average  N level  obtained  with  PM 
(Tables  A-25  and  42).  Nitrogen  concentration  in  fruit,  when  FO  was 
used,  showed  a significant  linear  positive  response  to  fertilizer 


Table  42.  Effect  of  organic  and  inorganic  amendment  source  and  rate  and  of  fertilizer 
level  on  macronutrient  concentrations  of  tomato  fruit  at  91  days  after 
transplant.  Tomato  experiment,  1983. 
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level.  For  BC  amendment,  main  effect  of  fertilizer  had  a significant 
linear  positive  response.  Average  N concentration  found  with  FO  did  not 
differ  from  the  average  N obtained  with  BC  (Tables  A-25  and  42). 

Average  N in  fruit  for  organic  amendment  treatments  was  25 «1 
g.kg“‘,  which  was  significantly  higher  than  the  average  observed  for 
treatments  with  inorganic  amendments,  which  was  22.8  g.kg“^  (Tables  A-25 
and  42). 

Phosphorus  concentration  in  fruit  was  significant  only  for 
interaction  between  SS  rate  and  fertilizer  level.  Average  P 
concentration  in  fruit  for  PM  was  significantly  higher  tten  that  which 
came  from  SS  amendment. 

For  inorganic  amendments,  P in  fruit  was  not  affected  significantly 
by  BC  or  FO  treatments.  However,  the  average  P content  observed  for  BC 
was  significantly  higher  than  the  average  P observed  for  FO  (Tables  A-25 
and  42).  Average  P values  for  organic  amendments  was  significantly 
different  from  those  observed  for  inorganic  amendments. 

Potassium  concentration  in  fruit  was  affected  significantly  by  SS 
and  PM  applications.  For  SS,  main  effect  of  fertilizer  was  a linear 
positive  response  for  K content  in  fruit.  But,  the  interaction  between 
SS  rate  and  fertilizer  level  also  was  significant.  For  PM,  the  higher 
rate  of  amendment  gave  significantly  higher  K than  from  the  lower 
rate.  Average  K in  fruit  for  SS  was  lower  and  was  statistically 
different  from  the  average  K obtained  for  PM  (Tables  A-25  and  42).  When 
inorganic  sources  were  utilized,  interaction  between  BC  rate  and 
fertilizer  level  was  significant  for  K concentration.  However, 
applications  of  FO  did  not  significantly  affect  the  fruit  K 


concentration. 
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Average  K concentration  in  fruit  for  organic  amendments  did  not 
differ  significantly  from  the  average  obtained  for  inorganic  amendments 
(Tables  A-25  and  42). 

Magnesium  content  of  tomato  fruit  was  affected  significantly  when 
SS  was  used.  At  22.4  Mg.ha"^  of  SS,  the  concentration  of  Mg  was 
significantly  higher  than  at  11.2  Mg. ha"''.  Main  effect  of  fertilizer 
levels  had  a significant  quadratic  response  for  Mg  from  increase  in 
fertilizer  levels.  Average  Mg  concentration  of  fruit  from  soil  treated 
with  SS  was  significantly  higher  than  the  average  observed  for  PM.  The 
average  Mg  in  fruit  from  organic  amendment  sources  was  statistically 
higher  than  the  average  Mg  found  for  inorganic  amendments  (Tables  A-25 
and  42) . 

Effects  of  organic  and  inorganic  amendments  on  micronutrients  and 
Cd  concentrations  of  tomato  fruit  are  shown  in  Table  43.  Analysis  of 
variance  showed  statistical  significance  among  treatments  for  Mn,  Cu  and 
Cd  (Table  A-25). 

For  SS,  the  Mn  concentration  in  fruit  tissue  had  a response  to  give 
the  main  effect  of  fertilizer  that  was  significantly  linear  positive 
response  with  increase  in  the  fertilizer  level.  However,  for  PM,  the  Mn 
concentration  was  significantly  affected  by  amendment  rates,  although 
the  higher  PM  rate  resulted  in  22.8  mg.kg""'  compared  to  21.0  mg. ha"”'  at 
the  lower  rate.  When  average  Mn  concentration  for  SS  was  compared  with 
average  for  PM,  no  statistical  difference  was  obtained. 

When  inorganic  amendments  were  used,  the  only  significance  observed 
for  Mn  concentration  in  fruit  was  for  the  interaction  between  BC  rates 
and  fertilizer  levels  (Tables  A-25  and  43) • Average  Mn  concentration 
observed  for  FO  was  not  different  from  that  observed  for  BC 


Table  43.  Effect  of  organic  and  inorganic  amendment  sources  and  rates  and  of  fertilizer 
levels  on  mean  micronutrient  and  Cd  concentrations  of  tomato  fruit  at  91  days 
after  transplant.  Tomato  experiment,  1903. 
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treatments.  The  average  Mn  in  tomato  fruit  when  organic  amendments  were 
used  was  significantly  higher  from  that  observed  for  inorganic 
amendments  (Tables  A-25  and  43). 

For  Cu  concentration  in  fruit,  the  influence  of  the  two  PM  rates 
was  significantly  different  from  each  other.  At  11.2  and  22.4  Mg.ha"^, 
Cu  concentration  was  6.8  and  7.5  mg.kg“\  respectively.  Sewage  sludge 
application  did  not  affect  the  Cu  concentration  in  fruit.  Average  means 
between  both  PM  rates  was  significantly  higher  than  that  obtained  for  SS 
(Tables  A-25  and  43).  Inorganic  amendments  did  not  affect  the  Cu 
concentration  in  fruit  (Tables  A-25  and  43).  Mean  Cu  level  observed 
among  organic  amendments  was  significantly  different  from  the  Cu  level 
obtained  for  inorganic  amendments. 

Cadmium  concentration  in  fruit  was  affected  significantly  only  when 
SS  was  used  (Table  A-25).  For  SS  at  22.4  Mg.ha"'’,  the  level  of  Cd  in 
fruit  was  30  yg.kg"''  and  statistically  differed  for  21  yg.kg"''  obtained 
from  SS  at  11.2  Mg. ha  ^ (Table  43).  Cadmium  concentration  in  fruit  had 
a linear  positive  response  for  main  effect  of  fertilizer  levels  (Tables 
A-25  and  43).  Highest  Cd  concentrations  were  observed  when  SS  was  used 
and  these  Cd  values  were  significantly  different  than  those  for  fruit 
from  PM  amendments  (Tables  A-25  and  43).  Organic  amendments  had  an 
average  Cd  concentration  in  fruit  of  16  pg.kg"^  which  was  significantly 
from  that  observed  for  inorganic  amendments  which  was  4. 15 
pg.kg”''  (Tables  A-25  and  43). 

As  stated  previously,  SS,  PM,  BC,  and  FO  were  compared  for 
macronutrient  concentrations  in  fruit  for  seven  treatments  selected  from 
the  original  21  treatments.  The  analysis  of  variance  and  main  effect  of 
amendment  sources  and  fertilizer  level  are  shown  in  Table  44. 


U4 


Macronutrient  concentrations  in  fruit,  except  for  Ca,  were  affected 
significantly  by  amendment  source,  however,  fertilizer  levels  had  no 
effect  (Table  44). 

Nitrogen  concentration  in  fruit  from  PM  at  22.4  Mg.ha"^  and  S3  at 
both  rates  did  not  differ  from  each  other.  However,  they  did  differ  in 
N content  from  FO  and  BC  at  both  rates.  Fruit  from  the  latter  sources 
were  not  different  in  N content  (Table  44). 

Phosphorus  concentration  was  significantly  higher  for  S3  at  22.4 
Mg. ha  than  that  for  FO.  The  lowest  P concentration  was  observed  for 
FO  and  was  significantly  different  from  the  other  six  treatments  (Table 
44). 

Potassium  concentrations  of  fruit  from  33  and  PM  at  11.2  Mg. ha"'', 

PM  at  22.4  Mg. ha  ^ and  BC  at  2.24  Mg. ha"''  were  not  statistically 
different.  However,  PM  at  the  higher  rate  had  the  highest  K 
concentration  which  was  statistically  different  from  that  for  33  at  22.4 
Mg.te"'',  BC  at  1.12  Mg. ha"''  and  FO  (Table  44). 

Magnesium  concentration  in  fruit  from  33  at  11.2  Mg. ha"''  and  PM  at 
“"1 

22.4  Mg. ha  had  the  highest  concentrations  which  were  statistically 

"tbe  other  five  treatments.  The  lowest  Mg  concentration 
was  found  for  FO,  PM  at  11.2  Mg. ha"''  and  BC  at  1.12  Mg. ha"''  (Table  44). 

Cucumber  Experiment.  Fall,  1983 

Cucumber  Fruit  Yield 

Residual  effects  of  amendment  source,  amendment  rate  and  fertilizer 
level  applied  to  tomato  in  the  3pring,  1983,  were  evaluated  by  seeding 
cucumber  through  the  plastic  mulch,  leaving  the  soil  lindisturbed.  The 
plots  were  split  with  one-half  receiving  additional  N and  K in  liquid 
form  as  described  previously. 


Table  44.  Analysis  of  variance  and  main  effect  of  amendments  and  fertilizer  on  macronutrient 
concentrations  of  fruit  at  91  days  after  transplant.  Tomato  experiment,  1983. 
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Analyses  of  variance  are  shown  in  Table  A-26.  These  included  early 
and  final  average  fruit  weight,  as  well  as  early  and  final  fruit 
yield.  Replicate  effect  and  main  effect  of  treatment  were  statistically 
significant.  With  additional  N and  K,  main  effect  for  early  and  final 
fruit  yield  had  significance.  Interaction  between  treatment  and  NK 
application  was  not  statistically  significant.  Consequently,  the 
contrast  shown  in  Table  A-26  takes  into  consideration  the  main  effect  of 
treatments.  These  means  for  the  main  effect  of  treatments  and  of  NK 
application  are  shown  in  Table  45. 

Average  fruit  weight  at  early  season  (first  three  harvests)  was 
higher  than  final  weight  for  all  treatments  (Table  45). 

Residual  effect  of  organic  amendment  for  SS  had  statistical 

between  rate  and  for  PM  there  was  a significant  quadratic 
main  effect  of  fertilizer  level  on  average  early  fruit  weight.  For  S3, 
the  early  average  fruit  weight  was  279-3  g which  was  statistically 
different  from  311.2  g obtained  for  PM  (Tables  A-26  and  45). 

For  inorganic  amendments,  FO  did  not  have  any  significant  effect. 
However,  interaction  between  BC  and  fertilizer  level  was  significant  for 
early  average  fruit  yield  (Tables  A-26  and  45). 

Comparisons  between  organic  and  inorganic  amendments  indicated  that 
a significantly  higher  average  early  fruit  weight  (316  g)  for  inorganic 
compared  to  the  average  for  organic  amendments  (295  g).  Final  average 
fruit  weight  for  organic  and  inorganic  amendments  did  not  have  any 
significant  contrast.  However,  fruit  from  the  PM  amendment  has 
significantly  higher  final  average  fruit  weight  than  for  S3  or  inorganic 
amendments  (Tables  A-26  and  45). 


147 


Table  45.  Main  residual  effect  of  21  treatments  and  of  NK  application  on 
early  and  final  average  of  fruit  weight  and  yield.  Cucumber 
experiment,  1983. 


Amendment 

Fertilizer 

level 

Average  fruit 

weight  (g) 

Fruit  yield 

Source 

Rata 

Early 

Final 

Early 

Final 

Mg. ha~^ 

kg.  ha”"' 

-1 

Treatment 

— g - 

Inorganic  ; 

amendment 

1400 

308.9 

266.1 

12.2 

24.1 

FO 

2800 

307.1 

260.4 

14.2 

24.2 

4200 

333.0 

273.4 

16.5 

28.8 

1.12 

1400 

307.5 

259.6 

15.7 

25.8 

BC 

1 .12 

2800 

330.1 

272.5 

17.0 

28.0 

1.12 

4200 

328.9 

264.2 

17.6 

29.7 

2.24 

1400 

316.8 

274.4 

17.5 

31.4 

BC 

2.24 

2800 

315.2 

268.2 

21 .3 

35.1 

2.24 

4200 

292.9 

261.5 

16.2 

29.3 

Organic  amendment 

11.2 

0 

279.3 

244.3 

11.9 

21 .8 

SS 

11.2 

1400 

283.8 

255.1 

17.9 

31.5 

11.2 

2800 

297.8 

258.2 

17.0 

28.0 

22.4 

0 

279.2 

234-5 

13.0 

26.4 

SS 

22.4 

1400 

261 .1 

234.5 

20.5 

34.6 

22.4 

2800 

275.1 

253.5 

19.8 

34.9 

11.2 

0 

305.1 

267.7 

14.5 

28.3 

PM 

11.2 

1400 

326.8 

267.8 

17.4 

29.2 

11 .2 

2800 

301.3 

263.0 

23.3 

36.4 

22.4 

0 

306.9 

269.9 

22.4 

35.1 

PM 

22.4 

1400 

324.6 

281.8 

20.8 

40.0 

22.4 

2800 

302.5 

272.9 

21 .6 

41.7 

NK 

application 

-NK 

303.3 

261 .2 

16.8 

29.7 

+NK- 

304.7 

263.9 

18.2 

31.7 

■*’See  Table  20  for  abbreviations. 
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Application  of  additional  NK  did  not  have  a significant  effect  on 
early  or  final  average  fruit  weight  (Tables  A-26  and  45). 

Cucumber  fruit  yield  was  affected  both  by  residual  treatment  and  NK 
application  (Table  A-26).  For  early  fruit  yield,  FO  amendment  had  a 

linear  positive  response  for  residual  fertilizer  from  the  1400  to  4200 

“*1 

kg.ha"  , applied  for  tomato.  For  BC,  the  early  fruit  yield  had  a 
significantly  quadratic  response  for  main  effect  of  residual  ferti- 
lizer. Average  early  fruit  yield  for  FO  was  I4.3  Mg.ha'''  and  for  BC  was 

“1 

17.5  Mg. ha  . These  two  means  were  statistically  different  from  each 
other  (Tables  A-26  and  45). 

For  organic  amendment,  the  two  rates  for  SS  and  PM  were 
statistically  different.  For  SS,  the  main  effect  of  fertilizer  level 
was  a significant  quadratic  response.  For  PM,  the  main  effect  of 
fertilizer  showed  a significant  linear  and  positive  trend.  Since  the 
interaction  between  PM  rates  and  fertilizer  level  was  significant, 
interaction  effect  should  be  considered  (Tables  A-26  and  45).  Average 
early  fruit  yield  for  PM  was  20  Mg.ha“*'  which  was  significantly  higher 
than  16.7  Mg.ha"^  for  SS. 

When  organic  and  inorganic  amendments  were  compared,  the  average 
early  fruit  yield  obtained  between  treatments  was  significantly 
different.  Organic  and  inorganic  amendment  average  early  fruit  yields 
were  18.3  and  15.9  Mg.ha”’',  respectively  (Tables  A-26  and  45). 

Final  cucumber  fruit  yield  ranged  from  24. 1 to  35. 1 Mg.ha""*  for 
inorganic  amendments  and  ranged  from  21.8  to  41 .7  Mg.ia"''  for  organic 
amendments.  For  inorganic  amendment,  as  observed  at  the  early  season 
for  FO,  the  response  of  final  fruit  yield  to  higher  residual  fertilizer 
level  was  linear  and  positive.  For  the  higher  rate  of  BC,  the  final 
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fruit  yield  was  significantly  higher  than  at  the  lower  rate.  The  main 
effect  for  residual  fertilizer  soil  receiving  BC  was  a significant 
quadratic  response  to  fertilizer  level.  However | interaction  between  BC 
rate  and  fertilizer  level  was  significant  for  final  fruit  yield  (Tables 
A-26  and  45).  Average  final  fruit  yield  for  FO  was  25.7  Mg.ha"^  and 
this  was  significantly  lower  than  29-9  Mg. ha"''  observed  for  BC  (Tables 
A-26  and  45 ) • 

For  both  organic  amendments  at  22.4  Mg. ha"'',  the  final  fruit  yield 
was  significantly  higher  than  at  the  lower  rate.  For  SS,  the  main 
effect  of  fertilizer  was  a significant  quadratic  response.  However,  for 
PM,  the  main  effect  of  fertilizer  was  linear  and  positive  (Tables  A-26 
and  45).  Average  final  fruit  yield  for  PM  was  35.1  Mg. ha"''  and  this  was 
significantly  higher  than  29.5  Mg. ha"''  observed  for  SS  (Tables  A-26  and 
45). 

Organic  and  inorganic  amendments  differed  statistically  from  each 
other  in  regard  to  average  final  fruit  yield.  For  organic  amendment, 
the  average  final  fruit  yield  was  32.3  Mg. ha"''  compared  to  28.5  Mg.t^"'' 
for  inorganic  amendment  (Tables  A-26  and  45). 

Application  of  NK  significantly  increased  the  early  and  final  fruit 
yield  by  I.4  and  2.0  Mg. ha"'',  respectively,  in  relation  to  early  and 
final  yield  observed  without  application  of  NK  (Tables  A-26  and  45). 

In  order  to  compare  BC,  SS  and  PM  amendments  with  and  without  NK 
application,  the  seven  treatments  receiving  I400  and  2800  kg. ha"''  of 
fertilizer  for  tomato  were  selected.  Analysis  of  variance  and  main 
effect  of  treatments  with  and  without  NK  application  are  shown  in  Table 
46.  Average  fruit  weight,  both  early  and  final,  were  not  affected 
significantly  by  treatment,  fertilizer  level  or  application  of  NK 
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fertilizer.  However,  early  and  final  fruit  yields  were  affected 
significantly  by  treatment  and  NK  application  (Table  46).  The  early 
fruit  yield  from  FO  and  BC  amendment  at  1.12  Mg. ha"”'  or  SS  at  11.2 
Mg. ha  did  not  differ  from  each  other.  However,  yield  from  FO  differed 
from  the  other  four  treatments.  The  highest  early  fruit  yield  of  21 .2 
Mg. ha"  was  obtained  with  PM  at  22.4  Mg. ha""'  and  the  lowest  yield  was 
13»2  Mg. ha"”*  obtained  for  FO. 

For  final  fruit  yield,  highest  yields  were  40.8  and  34.7  Mg. ha"”* 
for  PM  and  SS  at  22.4  Mg. ha"”',  respectively.  These  two  treatments  did 
not  differ  from  each  other.  However,  fruit  yield  for  PM  at  22.4  Mg. ha"”* 
was  significantly  more  than  from  the  other  five  treatments.  The  lowest 
final  fruit  yield  was  observed  for  FO,  which  was  24. 1 Mg.ha"^  (Table 

46). 

Application  of  NK  significantly  increased  the  early  and  final  fruit 
yields  by  1.1  and  2.6  Mg.ha””',  respectively,  relative  to  early  and  final 
fruit  yield  obtained  with  no  application  of  NK  (Table  46). 

Soil  Analysis 

Nitrogen  Availability 

Statistical  analysis  for  extracted  soil  N indicated  that  there  was 
a significant  effect  of  residual  treatments  on  all  N forms  extracted 
(Table  A-27).  Means  for  these  treatments  are  shown  in  Table  47. 

For  inorganic  amendments,  NO^-N  concentration  showed  a significant, 
linear,  positive  response  to  increase  in  original  fertilizer  level  from 
1400  to  4200  kg. ha"”*  when  FO  was  utilized.  The  main  effect  of 
fertilizer  for  BC  treatment  was  significantly  linear  and  positive 
(Tables  A-27  and  47).  The  average  NO^-N  for  FO  was  24.3  mg.kg"^  and 
this  differed  statistically  from  I7.6  mg. kg"”'  obtained  for  BC. 
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Table  46.  Analysis  of  variance  and  train  effect  of  amendment  treatment, 
fertilizer  level  and  NK  application  on  average  fruit  weight 
and  fruit  yield  of  cucumber.  Cucumber  experiment,  1983. 


Average  fruit  weight 

Fruit  yield 

Source  of  variation 

df  Early  Final 

Early  Final 

square  

Block 

2 

2577.5 

2178.3 

25.3 

94.6** 

Treatment  (T) 

6 

4053.3 

1354.6 

95.5** 

361 .0*** 

Fertilizer  level  (F) 

1 

0.0 

37.1 

63.6 

58.8 

T X F 

6 

1033.9 

346.7 

17.3 

33.4 

Erro  (a) 

26 

2117.7 

996.5 

28.8 

61 .0 

NK 

1 

0.1 

0.6 

26.1* 

77.7** 

NK  X T 

6 

1245.7 

343.9 

3.7 

5.7 

NK  X L 

1 

0.6 

188. 9 

1.3 

1.7 

NK  X T X L 

6 

639.0 

549.6 

6.9 

5.0 

Erro  (b) 

28 

438.1 

217.7 

6.0 

10.2 

Treatmenf*" 

SS  (11.2  Mg.ha"') 

291 

256 

17.4  ab 

29.7  bed 

SS  (22.4  Mg.ha"'^) 

268 

244 

20.2  a 

34.7  ab 

PM  (11.2  Mg. ha"'') 

314 

265 

20.3  a 

32.8  be 

PM  (22.4  Mg. ha"'') 

313 

277 

21 .2  a 

40.8  a 

BC  (1.12  Mg. ha"'') 

318 

266 

16.4  ab 

26.9  cd 

BC  (2*24  Mg. ha"'') 

316 

271 

19.3  a 

33.3  be 

FO 

308 

263 

13.2  b 

24.1  d 

F value 

NS 

NS 

** 

*** 

Fertilizer  level  (kg. ha"'') 

1400 

304.1 

262.8 

17.4 

30.9 

2800 

304.2 

264.2 

19.1 

32.6 

F value 

NS 

NS 

NS 

NS 

NK  application 

-NK 

304.1 

263.6 

17.7 

30.2 

+NK 

304.2 

263.4 

18.8 

32.8 

F value 

NS 

NS 

* 

** 

NS,  *,  **,  ***F  value  not  significant,  significant  at  the  5%,  1%  and  0.1% 
levels,  respectively. 

’’’See  Table  20  for  abbreviations. 


Table  47.  Effect  of  residual  21  treatments  on  mean  soil  N extracted,  pH,  EC  and 
moisture  at  3 days  after  cucumber  seeding.  Cucumber  experiment,  1983. 
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For  organic  amendments,  both  rates  of  SS  and  PM  had  a significant 
effect  between  these  sources  for  NO^-N.  Linear  and  quadratic  main 
effect  of  fertilizer  level  also  were  significant  for  both  organic 
sources.  However,  interaction  between  rates  of  SS  and  PM  with 
fertilizer  level  was  statistically  significant.  Average  NO^-N 
concentration  for  SS  did  not  differ  from  that  observed  for  PM  (Tables 
A-27  and  47).  Average  NO^-N  concentration  for  organic  and  inorganic 
amendments  was  53.0  and  20.0  mg.kg~”',  respectively,  and  these  were 
statistically  different  from  each  other  (Tables  A-27  and  47). 

Ammonium-N  concentration  in  water  for  inorganic  amendments  tmd 
significant  quadratic  response  with  increase  in  residual  fertilizer 
level  when  FO  was  used.  For  BC,  the  main  effect  of  fertilizer  also  had 
^ ®isrii^^icant  quadratic  response  (Tables  A— 27  and  47).  For  organic 
amendments,  NH^-N  concentration  in  water,  a main  effect  of  fertilizer 
was  a quadratic  response  for  both  SS  and  PM.  However,  for  PM  the 
interaction  between  amendment  rate  and  fertilizer  level  was  significant 
(Tables  A-27  and  47). 

Exchangeable  NH^-N  concentrations  determined  by  1 M KCl  or  by 
Mehlich  I extract  gave  similar  values.  Therefore,  only  data  obtained 
with  1 Jd  KCl  will  be  reported.  With  the  inorganic  amendments, 
exchangeable  NH^-N  was  not  affected  significantly  when  FO  was 
^"tilized.  For  BC,  the  main  effect  of  fertilizer  was  a significant 
quadratic  response,  but  the  interaction  between  BC  rate  and  fertilizer 
level  was  significant  for  exchangeable  NH^-N  (Tables  A-27  and  47). 

When  SS  amendment  was  utilized,  the  main  effect  of  fertilizer  level 
was  a linear  negative  response  for  exchangeable  NH|-N.  For  PM  at  the 
higher  rate,  the  level  of  exchangeable  NH^-N  was  significantly  higher 
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■bhari  for  PM  at  the  lower  rate  (Tables  A— 2.7  and  47)*  As  observed  for 
NH^-N  in  water,  when  averages  of  exchangeable  NH^-N  were  compared 
between  organic  and  inorganic  amendment,  no  statistical  significance  was 
observed  (Tables  A-2?  and  47). 

Available  total  N or  TN,  as  NO^-N  in  water  plus  NH^-N  in  1 M KCl, 
was  found  to  be  much  lower  from  soil  with  an  inorganic  amendment  than 
that  for  organic  amendment  (Fig.  10).  For  organic  amendment,  available 
TN  ranged  from  18.7  to  109*9  mg. kg  ^ for  SS,  compared  to  53*5  to  105.2 
mg. kg  for  PM.  For  both  organic  amendments  at  22.4  Mg.ha”^, 

significantly  higher  available  TN  was  observed  than  at  11.2  Mg.ha~”^. 

For  both  SS  and  PM  treatments,  the  main  effect  of  fertilizer  was  a 
significant  quadratic  response  for  available  TN.  Although,  for  both 
amendment  sources,  the  interaction  between  rate  and  fertilizer  level  was 
significant  and  therefore  should  be  considered  instead  of  the  main 
effect  (Table  A-27  and  Fig.  IO).  Residual  available  total  N for  SS  and 
PM  were  52.8  and  55*7  mg. kg  respectively,  and  were  not  statistically 
different. 

When  FO  was  used,  a significant  linear  positive  increase  in 
residual  total  available  N was  observed.  Likewise,  for  BC,  the  main 
effect  of  fertilizer  level  was  a significant  linear  positive  increase  in 
TN  and  the  average  available  TN  between  the  two  sources  was 
statistically  different  (Table  A-27)«  For  FO,  the  average  available  TN 
was  25.9  mg.kg"”*  and  for  BC  it  was  18.9  mg.kg”"'  (Fig.  10). 

Average  available  TN  for  organic  amendment  was  54.2  mg.kg”"'  and 
this  was  significantly  higher  than  the  corresponding  average  observed 
for  inorganic  amendments,  which  was  22.4  mg.kg""’  (Table  A-27). 


Residual  Available  Total  N,mg.kg-'i 
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Fig.  10  Residual  available  total  nitrogen  in  soil  for  21  treatments  at 
three  days  after  cucumber  seeding.  Cucumber  experiment,  1985. 
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Soil  Reaction,  Electrical  Conductivity  and  Moisture 

Analysis  of  variance  for  soil  pH,  EC  and  moisture  indicated 
significance  only  among  treatments  for  EC  (Table  A-27).  Means  for  soil 
pH,  EC  and  moisture  are  shown  in  Table  47.  Values  for  soil  pH  and 
moisture  ranged  from  5-95  to  6.75  and  I43  to  175  g.kg"'',  respectively. 

Values  observed  for  EC  were  lower  in  all  treatments  than  those 
observed  at  the  last  tomato  soil  sampling  (Table  47).  For  inorganic 
sources,  EC  had  a significant  linear  positive  response  to  original 
increase  in  the  fertilizer  level.  For  this  amendment,  EC  ranged  from 
0.36  to  0.88  dS.rn”^  for  original  fertilizer  applied  at  I400  and  4200 
kg. ha"'',  respectively.  Average  EC  for  FO  was  0.55  dS.m"''  and  was 
significantly  higher  than  0.39  dS.m  observed  for  BC  treatments  (Tables 
A-27  and  47).  For  organic  amendment,  both  SS  and  PM  at  22.4  Mg. ha"''  had 
EC  values  which  were  significantly  higher  from  those  observed  at  11.2 
Mg. ha  . For  PM,  the  main  residual  effect  of  fertilizer  level  was  a 
significant  linear  main  effect  (Tables  A-27  and  47).  Average  of  EC 
observed  for  organic  amendment,  O.69  dS.m"'',  was  significantly  higher 
than  that  observed  for  inorganic  amendments  which  was  O.47  dS.m"^ 

(Tables  A-27  and  47). 

Ion  Concentration  in  Water  and  Mehlich  I Extracts 

Means  for  Ca,  Mg,  and  Cl  in  water  extracts  and  for  Ca,  Mg,  and  P in 
Mehlich  I extracts  are  shown  in  Table  A-28.  Water  extractable,  Ca 
concentration  ranged  from  27  to  135  mg. kg"''.  Mg  from  10  to  41  mg. kg"'' 
and  Cl  from  I3  to  60  mg. kg"''  (Table  A-28). 

In  Mehlich  I extract,  Ca  concentration  ranged  from  1300  to  2240 
mg. kg"''.  Mg  from  137  to  380  mg.kg"'' , and  P from  I73  to  335  mg. kg"'' 

(Table  A-28). 
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Analysis  of  variance  and  means  of  21  residual  treatments  for 
soluble  and  exchangeable  K are  shown  in  Table  A-2?  and  Fig.  11.  For 
inorganic  amendments,  soluble  K concentration  found  when  FO  was  used  had 
a significant  linear  positive  effect  to  increase  of  fertilizer  level. 

No  such  significant  difference  was  observed  for  BC.  However,  the 
average  soluble  K found  for  BC  was  15*6  mg. kg  which  was  significantly 
higher  than  6.6  mg.kg”^  observed  for  FO  (Table  A-27  and  Fig.  11). 

For  organic  amendments,  soluble  K concentration  for  PM  at  the 
higher  rate  was  significantly  higher  than  for  PM  at  the  lower  rate. 

Main  effect  of  fertilizer  for  PM  and  interaction  effect  between  PM  rate 
and  fertilizer  level  were  significant.  However,  application  of  SS  did 
not  affect  significantly  the  soil  soluble  K concentration.  The  average 
soluble  residual  K values  found  for  PM  and  SS  were  38.5  and  28.5 
mg. kg  , respectively,  and  these  means  differed  statistically  from  each 
other  (Table  A-27  and  Fig.  11). 

Exchangeable  K concentration  for  FO  had  a significant  quadratic 
response  to  increase  in  the  level  of  tomato  fertilizer  applied.  For  BC 
at  2.24  Mg. ha  , the  exchangeable  K concentration  was  significantly 
higher  than  that  for  BC  at  1.12  Mg.ha"'^.  Interaction  between  BC  rate 
and  fertilizer  level  was  significant  (Table  A-27).  Average  exchangeable 
K concentration  for  FO  and  BC  were  110  and  69  mg.kg””^,  respectively,  and 
these  were  significantly  different  (Table  A-27  and  Fig.  11). 

For  organic  amendments,  residual  exchangeable  K was  not  affected 
significantly  by  SS  application.  However,  utilization  of  PM  at  the 
higher  rate  had  significantly  more  residual  exchangeable  K than  PM  at 
the  lower  rate.  Interaction  between  PM  rate  and  fertilizer  level  was 
significant.  Average  exchangeable  K for  PM  and  SS  was  statistically 


Residual  Exchangeable  and  Soluble  Kjjng.kg-'^ 
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Fig.  1 1 Residual  exchangeable  and  soluble  K in  soil  for  21  treatments 
at  three  days  after  cucumber  seeding.  Cucumber  experiment, 
1983. 
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significan"t  and  these  were  143*0  and  69*8  nig*kg~'^,  respectively  (Table 
A-27  and  Fig.  11). 

As  observed  for  soluble  K,  the  average  exchangeable  K concentration 
for  organic  amendments  was  106.5  mg.kg””^  which  was  significantly  higher 
than  that  of  89*3  mg.kg"^  observed  for  inorganic  amendments  (Table  A-27 
and  Fig.  11 ) . 

Tissue  Analysis 

Nutrient  Concentration  in  Leaf  and  Fruit 

Means  for  the  main  effect  of  residual  21  treatments  on  leaf  macro- 
and  micronutrient  concentrations  are  shown  in  Tables  A-29  and  30. 

In  Table  A-31 , the  analysis  of  variance  for  N and  K concentration 
in  cucumber  leaf  are  shown  at  two  dates  after  seeding.  Concentration  of 
these  two  nutrients  at  both  leaf  samplings  were  affected  significantly 
by  treatments  and  additional  NK  application.  Means  for  main  effects  on 
leaf  N and  K concentration  at  two  dates  after  seeding  are  shown  in  Table 
48. 

When  FO  amendments  were  utilized,  residual  effect  of  fertilizer 
level  was  not  significant  at  both  leaf  samplings.  The  N concentrations 
for  this  amendment  ranged  from  36.1  to  40.6  g.kg"”'  at  22  days  and  from 
28.4  "to  29*6  g.kg  ^ at  47  days.  For  BC  at  22  days,  significant 
difference  between  amendment  rates  was  observed.  However,  at  47  days, 
the  main  effect  of  fertilizer  was  a significant  linear  positive  response 
(Tables  A-31  and  48).  At  both  leaf  samplings,  the  average  N 
concentrations  found  for  BC  and  FO  were  not  statistically  different. 
Average  N concentrations  for  FO  and  BC  were  39.4  and  40.2  g.kg“^  at  22 
days  and  28.5  and  30.0  g.kg“^  at  47  days,  respectively  (Table  48). 
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Table  48.  Main  residual  effect  of  treatment  and  of  NK  application  on  leaf 
N and  K concentration  at  two  dates  after  cucumber  seeding. 
Cucumber  experiment,  1983. 


Amendment 

Fert. 

level 

Leaf 

Soiorce  Rate 

N 

K 

N 

K 

Mg.  ha""* 

kg.ha"”' 

-1 

22  days“ 

47  days 

- 

Treatment"*” 

Inorganic  amendment 

1400 

36.1 

30.4 

28.4 

23.3 

FO 

2800 

41-7 

31.0 

27.7 

22.5 

4200 

40.6 

35.9 

29.6 

29.5 

1.12 

1400 

39.0 

31.7 

28.5 

24.0 

BC  1.12 

2800 

41.5 

34.2 

29.9 

22.5 

1.12 

4200 

39.5 

34.7 

30.4 

23.7 

2.24 

1400 

39.2 

33.9 

28.6 

28.2 

BC  2.24 

2800 

39.9 

34.0 

30.3 

30.3 

2.24 

4200 

42.3 

38.1 

32.6 

35.9 

Organic 

amendment 

11 .2 

0 

38.1 

29.6 

30.5 

16.9 

SS  11.2 

1400 

40.4 

31.5 

32.2 

22.2 

11.2 

2800 

38.9 

33.3 

33.4 

16. 9 

22.4 

0 

36.7 

29.5 

36.5 

16.6 

SS  22.4 

1400 

34.1 

29.4 

33.3 

16.2 

22.4 

2800 

35.4 

33.2 

35.1 

17.8 

11.2 

0 

39.7 

31 .1 

37.0 

19.6 

PM  11.2 

1400 

36.7 

30.1 

34.4 

29.7 

11.2 

2800 

41.1 

36.2 

34.8 

27.0 

22.4 

0 

41.3 

33.8 

37.0 

31 .2 

PM  22.4 

1400 

40.6 

39.2 

39.0 

35.7 

22.4 

2800 

43.9 

38.5 

41.9 

42.3 

F value 

* 

*** 

*** 

*** 

NK  application 

-NK 

37.8 

31.4 

32.9 

22.3 

+NK 

40.9 

35.3 

33.0 

26.0 

F value 

* 

*** 

NS 

** 

“Days  after  seeding. 

"^See  Table  20  for  abbreviations 
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For  organic  amendments,  leaf  N concentration  from  S3  treatments  had 
a similar  pattern  of  statistical  significance  at  both  leaf  samplings; 
higher  amendment  rate  had  significantly  higher  leaf  N than  at  the  lower 
rate  but  the  interaction  between  S3  rate  and  fertilizer  level  was 
significant  (Table  A-31  and  48) • For  PM  at  22  days,  the  main  effect  of 
fertilizer  on  leaf  N was  significantly  linear  and  positive  with  increase 
in  the  fertilizer  level.  At  47  days,  leaf  N concentration  was 
significantly  different  between  PM  rates.  However,  at  both  leaf 
samplings,  the  interaction  betweem  PM  rate  and  fertilizer  level  was 
statistically  significant  (Tables  A— 31  and  48).  Average  N concentra- 
tions in  cucumber  leaf  for  PM  and  33  were  40.5  and  37.2  g.kg""'  at  22 
days  compared  to  37«4  ^nd  33*5  g.kg  at  47  days,  respectively.  At  both 
leaf  samplings,  these  average  N concentrations  were  statistically 
different  between  sources. 

Organic  amendments  were  compared  with  inorganic  amendments  in 
regard  to  the  average  N in  leaf.  At  22  days,  they  did  not  differ, 
however,  at  47  days,  type  of  amendment  had  an  effect  and  differed  from 
each  other  (Tables  A-31  and  48).  Average  N concentrations  at  22  days 
were  38.8  and  39 • 8 g.kg  for  organic  and  inorganic  amendments, 
respectively.  At  47  days,  corresponding  leaf  N values  were  35.4  and 
29*2  g.kg  , respectively. 

Potassium  concentration  in  cucumber  leaf  at  22  days  after  seeding 
had  a significant  linear  and  positive  response  to  FO  levels.  For  BC 
treatment,  at  both  leaf  samplings,  K concentration  was  significantly 
higher  at  the  higher  BC  rate.  However,  average  N concentration  for  FO 
and  BC  treatments  was  not  statistically  different  at  both  dates  (Tables 
A-31  and  48). 
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For  organic  aniendiiien'tsj  statistical  significance  was  observed  for 
each  amendment  at  each  leaf  sampling  and  was  quite  different  in  regard 
to  K concentration  of  leaf  (Table  A-31).  For  S3  at  22  days,  a 
significant  linear  positive  response  for  main  effect  of  fertilizer  on 
leaf  K was  observed.  In  addition,  at  47  days,  there  was  a significant 

in  K content  of  leaf  between  S3  rates.  Quadratic  response  in 
leaf  K was  found  for  main  effect  of  fertilizer.  Interaction  between  33 
rate  and  fertilizer  level  was  observed  (Tables  A-31  and  48).  For  PM  at 
22  days,  the  higher  rate  had  significantly  higher  mean  K value  than  at 
the  lower  rate.  The  main  effect  of  fertilizer  level  was  a significant 
linear  response  for  K concentration  in  the  leaf.  However,  at  this 
sampling  date,  the  interaction  between  PM  rate  and  fertilizer  level 
needs  to  be  considered  because  it  was  statistically  significant  (Tables 
^”31  and  48)*  At  both  leaf  samplings,  the  average  K concentrations 
found  for  PM  treatments  were  statistically  different  from  that  observed 
for  33.  The  average  K concentration  for  PM  was  34.8  and  3O.9  g.kg"”'  at 
22  and  47  days,  respectively.  These  averages  for  33  treatment  were  31.0 
and  17*7  g*kg  at  the  same  dates,  respectively. 

Average  K concentration  of  cucumber  leaf  from  organic  amendments 
was  only  significantly  different  from  that  observed  for  inorganic 
amendment  at  47  days.  This  occurred  at  3 days  previous  to  the  first 
harvest.  At  this  time,  average  K concentration  was  24.3  and  26.2  g.kg""* 
for  organic  and  inorganic  amendments,  respectively. 

Additional  application  of  NK  increased  significantly  the  N 
concentration  in  leaf  at  22  days  and  K concentration  at  both  leaf 
samplings.  It  was  observed  that  increases  in  K concentration  in 
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cucumber  leaf  were  much  higher  than  those  observed  for  N (Tables  A-31 
and  48 ) . 

Means  for  macro-  and  micronutrient  content  of  cucumber  fruit 
expressed  as  the  main  effect  of  21  treatments  were  considered  and  are 
shown  in  Table  A-32. 

Analysis  of  variance  for  N and  K concentration  in  cucumber  fruit  is 
shown  in  Table  A-23.  These  statistical  analysis  indicated  that  both  the 
main  effects  of  treatment  and  of  NK  application  were  significant. 

However > the  interaction  between  these  two  factors  was  also  significant 
and  should  be  considered  instead  of  the  main  effect.  Significant 
contrast  mean  square  shown  in  Table  A-33  takes  into  consideration  this 
significant  interaction. 

Without  NK  application,  BC  at  the  higher  rate  had  higher 
significant  N value  than  at  the  lower  rate.  However,  with  application 
of  NK,  the  main  effect  of  tomato  fertilizer  level  was  a linear  response 
for  N concentration.  Average  N concentration  for  both  BC  and  FO 
treatment,  with  or  without  application  NK,  was  significantly  different 
from  each  other  (Tables  A-33  and  49). 

Without  NK  application,  SS  at  the  higher  rate  had  significantly 
higher  fruit  N concentration  than  at  the  lower  rate.  In  addition,  the 
main  effect  of  fertilizer  level  was  a significant  linear  positive 
response  for  N concentration  in  fruit  (Tables  A-33  and  49).  With 
additional  application  of  NK,  the  two  SS  rates  utilized  were 
significantly  different  from  each  other  in  regard  N concentration  in 
fruit.  Interaction  between  SS  rate  and  fertilizer  level  was  significant 
when  additional  NK  was  applied  (Tables  A-33  and  49).  Average  N in  fruit 
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Table  49*  Interaction  effect  between  treatment  and  NK  application  on  N 
and  K concentration  in  cucumber  fruit.  Cucumber  experiment, 
1983. 


Amendment 

Fert. 

level 

Fruit 

Source  Rate 

N 

K 

Mg.ha“”* 

kg.ha"^ 

-NK 

+NK 

-NK 

+NK 

Treatmenf*" 

Inorganic  amendment 

1400 

17.7 

18.4 

28.8 

33.4 

FO 

2800 

17.2 

16.5 

32.1 

28.1 

4200 

17.3 

17.0 

38.0 

30.9 

1 .12 

1400 

21 .8 

16.7 

32.8 

37.2 

BC 

1.12 

2800 

17.6 

18.7 

26.7 

29.9 

1 .12 

4200 

17.7 

18.8 

34.2 

32.1 

2.24 

1400 

21.5 

20.3 

38.9 

49.1 

BC 

2.24 

2800 

19.4 

19.2 

38.0 

36.1 

2.24 

4200 

20.4 

20.8 

34.0 

40.7 

Organic  amendment 

11.2 

0 

17.7 

20.5 

28.4 

39.1 

SS 

11  .2 

1400 

23.8 

22.2 

26,5 

29.9 

11.2 

2800 

22.6 

23.2 

31.4 

27.3 

22.4 

0 

37.0 

32.2 

29.7 

30.3 

SS 

22.4 

1400 

37.1 

36.5 

33.0 

26.3 

22.4 

2800 

34.1 

37.4 

34.2 

24.6 

11 .2 

0 

21.2 

21.6 

34.3 

27.5 

PM 

11  .2 

1400 

20.9 

23.0 

32.3 

29.4 

11.2 

2800 

20.1 

22.2 

38.4 

28.4 

22.4 

0 

20.7 

21 .3 

34.9 

35.5 

PM 

22.4 

1400 

19.7 

26.3 

36.3 

35.8 

22.4 

2800 

18.4 

22.3 

36.9 

43.7 

'^See  Table  20  for  abbreviations. 
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for  SS  was  statistically  higher  than  the  average  observed  for  PM,  with 
or  without  application  of  NK. 

Average  N concentration  in  fruit  for  organic  and  inorganic 
amendments  was  24*4  si^d  18.9  S«kg~”^,  with  NK  application,  respectively, 
and  25«7  and  18. 4 g.kg  ^ without  NK  application,  respectively.  These 
average  N concentrations,  with  or  without  NK  application  were 
statistically  different  from  each  other. 

Statistical  significances  for  treatments  with  or  without  NK 
application  were  also  different  in  regard  to  K concentration  in  cucumber 
fruit  (Table  A-33). 

For  inorganic  amendment,  without  application  of  NK,  a significant 
linear  positive  response  to  tomato  fertilizer  level  was  observed  for  K 
concentration  in  fruit.  For  BC  at  2.24  Mg.ha”"^ , the  K concentration  was 
significantly  higher  than  that  observed  at  11.2  Mg. ha””*  (Tables  A-32  and 
49).  For  inorganic  amendment  with  application  of  NK,  the  interaction 
between  BC  rates  and  fertilizer  level  was  significant  for  K 
concentration  in  fruit  (Tables  A-33  and  49).  Average  fruit  K 
concentration  observed  for  FO  and  BC  was  statistically  different  only 
when  application  of  NK  had  been  applied. 

For  organic  amendment  with  NK  application,  SS  and  PM  at  22.4 
Mg.ha“  had  significantly  higher  K in  fruit  than  at  11.2  Mg.ha"**.  For 
SS,  the  main  effect  of  fertilizer  had  a significantly  linear  positive 
response  for  K with  increased  level  of  tomato  fertlizer  (Tables  A-33  and 
49).  Average  K concentrations  in  fruit  were  35.5  and  30.5  g.kg"”*  for  PM 
and  SS  without  NK  application,  respectively,  and  were  33.3  and  29.5 
g.kg  with  NK  application,  respectively.  These  K averages  observed 
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with  or  without  NK  application  were  statistically  different  from  each 
other  when  the  same  amendment  source  were  compared. 


DISCUSSION 


Tomato  and  Cucumber  Yields 

In  both  years,  tomato  fruit  yield  in  size  category  1 was  not 
affected  by  treatments.  However,  fruit  in  sizes  2 and  3 and  total  yield 
yields  were  highest  for  soil  amended  with  PM  or  SS.  Lowest  yields  were 
with  FO  for  all  fruit  size  categories  and  total  yield.  Other 
researchers  (Giordano  et  al.,  1975;  Stucky  and  Newman,  1977)  have  re- 
ported adequate  crop  yields  in  the  field  using  organic  wastes  as  agri- 
cultural soil  amendments.  In  general,  their  findings  indicated  that  the 
yield  response  to  organic  waste  is  quadratic,  declining  at  excessive 
high  rates  due  to  factors  such  as  inhibition  of  germination,  phytotoxi- 
city of  heavy  metals  and  immobilization  of  available  N due  to  a high  C:N 
ratio.  This  quadratic  effect  was  not  evaluated  in  this  study  because 
only  one  rate  in  1982  and  two  rates  of  organic  amendment  in  1983  were 
utilized.  However,  the  1983  tomato  yields  increased  with  increase  in  SS 
rate  from  11.2  to  22.4  Mg.ha“*'.  This  may  be  indicative  that  factors  of 
high  soluble  salts  (Epstein,  1975;  Guidi  et  al.,  1981),  phytotoxicity  of 
heavy  metals  (Page  et  al.,  1972;  Bingham  et  al.,  1979;  Valdares  et  al., 
1983)  and  immobilization  of  available  N by  high  C:N  ratio  did  not  have  a 
significant  effect  on  tomato  yield  at  these  application  rates. 

Highest  yield  obtained  with  PM  are  consistent  with  previous 
findings  for  cauliflower  (Singh  et  al.,  1970),  tomato  (Morelock  and 
Hall,  1980)  and  strawberry  (Hitz,  1951;  Albregts  and  Howard,  1981).  The 
yields  obtained  with  poultry  manure  in  all  fruit  size  categories  and 
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the  total  yield  were  higher  than  those  obtained  with  S3.  These  results 
are  in  agreement  with  previous  findings  by  Cheung  and  Wong  (1983).  As 
observed  for  S3,  increases  in  PM  rate  increased  the  tomato  yield. 
Consequently,  the  high  rate  of  PM  used  was  not  sufficient  to  produce  NH^ 
at  a toxic  level  (3iegel  et  al.,  1975)  or  increase  the  soluble  salt 
concentrations,  causing  a foliage  bum  (3hortall  and  Liebhardt,  1975; 
Albregts  and  Howard,  1981)  which  may  reduce  the  crop  development  and 
production. 

In  1982,  average  fruit  yields  for  main  effect  of  organic  amendments 
(33  and  PM)  at  two  fertilizer  levels  of  I400  and  2800  kg.ha"^  were  36, 

43  and  57%  higher  than  those  observed  for  FO  for  total  yield  or  for 
fruit  yield  in  size  categories  2 and  3>  respectively.  For  the  same 
comparisons  in  1983i  increases  of  33 » 35  and  88%  were  observed  for  total 
yield  and  fruit  size  categories  2 and  3,  respectively.  In  addition, 
when  PM  and  33  were  utilized  without  application  of  fertilizer,  these 
amendments  gave  tomato  yield  similar  to  those  obtained  with  FO.  These 
results  are  in  agreement  with  previous  reports  (3ims  and  Boswell,  1980; 
Morelock  and  Hall,  1980).  However,  the  present  study  did  not  agree  with 
work  by  3jorgren  (1977)  which  pointed  out  that  in  no  instance  did  the 
addition  of  sludge  increase  corn,  tomato  and  beet  yields  to  the  same 
extent  as  did  fertilizer  alone,  probably  due  to  K deficiency. 

According  to  the  1982  data,  increase  in  the  fertilizer  level  from 
1400  to  2800  kg. ha  ^ did  not  affect  significantly  the  tomato  yield  and 
did  not  interact  with  amendment  sources.  In  this  case,  it  is  more 
appropriate  to  recommend  utilization  of  PM  and  33  associated  with  low 
fertilizer  level  in  order  to  get  higher  yields.  However,  according  to 
present  1983  data,  in  order  to  get  highest  tomato  yields,  amendment  with 
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PM  at  11.2  Mg.ha“^  associated  with  1400  kg.ha""'  of  fertilizer  or  S3  at 

22.4  Mg.ha”’’  combined  with  2800  kg. ha”’’  of  fertilizer  should  be  uti- 
lized. 

Residual  effect  of  treatments  were  observed  in  both  years,  however 
differences  among  treatments  were  more  distinct  in  1982  than  in  1983. 
Cucumber  plants  that  grew  on  residual  PM  and  S3  were  darker  green  and 
the  growth  was  greater  than  those  treated  with  other  amendments  (FP,  CM, 
BC  and  FO).  Remarkable  residual  effects  were  noted  in  final  cucumber 
yield  when  33  and  PM  treatments  were  utilized  in  1982.  The  final  yields 
produced  on  plots  that  received  33  and  PM  were  445  and  378%  higher  than 
those  observed  when  FO  was  used.  However,  in  1983,  when  33  and  PM  at 
22.4  Mg. ha”  (same  rate  utilized  in  1983)  were  applied,  the  residual 
effect  on  cucumber  yield  accounted  for  increases  of  44  and  69%, 
respectively,  compared  to  FO  yield.  These  differences  observed  for 
residual  treatment  effect  between  years  were  primarily  because  the 
yields  for  33  and  PM  remained  almost  the  same  in  both  years,  while  the 
yield  for  FO  increases  205%  from  1982  to  1983  experiments.  In  addition, 
low  nutrient  leaching  and  higher  initial  soil  fertility  in  the  1983 
experiment  are  factors  that  could  explain  the  residual  effects  in  yield 
observed  when  FO  were  utilized.  This  residual  effect  is  in  agreement 
with  other  studies  that  have  been  made  with  multiple  cropping  of 
vegetables  (Bryan  and  Dalton,  1974;  Guilarte  et  al.,  1975;  Csizinszky, 
1978;  Everett,  1978)  which  pointed  out  that,  by  proper  management  of 
vegetable  crops  in  Florida,  such  as  tomato  and  pepper,  it  may  be 
possible  to  double  crop  with  either  low  or  high  management  of  vegetable 
or  field  crops. 
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The  lower  average  of  early  and  final  fruit  weight  observed  for 
cucumber  fruit  in  1983  than  1982  can  be  explained  by  the  time  interval 
between  harvests.  In  1983>  this  interval  was  3 to  4 days  while  in  1982, 
it  was  7 days.  In  1982,  residual  effect  of  fertilizer  level  did  not 
affect  significantly  the  fruit  yield  of  cucumber.  However,  in  1983, 
both  early  and  final  fruit  yield  gave  a linear  positive  response  to 
increase  in  fertilizer  levels  from  1400  to  42OO  kg. ha"''.  But,  when  only 
1400  and  2800  kg. ha  ''  were  considered,  fertilizer  level  did  not  give  a 
significant  residual  effect. 

Additional  application  of  N and  K did  not  increase  significantly 
the  early  and  final  cucumber  yields.  This  is  in  agreement  with  Everett 
(1978)  who  found  no  response  to  fertilizer  placement  and  rates  utilized 
for  re-fertilizing  tomatoes  or  cucumber  as  a second  crop  after 
tomatoes.  However,  in  that  study,  the  hole-punch  method  for  re-ferti- 
lizing was  used  and  in  this  study  fertilizer  was  applied  in  liquid  form 
by  a manual  injector. 

The  data  discussed  above  clearly  support  the  idea  that  PM  and  SS 
can  be  used  successfully  for  vegetable  crops  and  the  residual  effect 
should  be  utilized  by  the  practice  of  double-cropping.  However,  it 
would  be  unlikely  that  organic  waste  could  be  used  to  supply  entirely, 
the  total  nutrient  requirements  of  crops,  because  of  the  large  amounts 
of  these  amendments  that  would  have  to  be  applied.  The  greatest  poten- 
tial value  of  these  materials  for  vegetable  production  may  be  realized 
as  they  are  used  in  combination  with  inorganic  fertilizer. 

Nitrogen  Availability 

Differences  observed  among  amendment  sources  for  tomato  and 
cucumber  yields  can  be  associated  with  available  total  N determined 
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during  the  growing  season  for  both  years.  The  available  total  N to  the 
tomato  crop  was  between  154  to  517  mg.kg""'  at  early  season  and  16  to  85 
mg. kg  late  in  the  season  of  the  first  year.  In  the  second  year, 

available  N ranged  from  99  to  289  mg. kg”**  at  the  beginning  of  the  season 
and  14  to  135  mg. kg”**  at  late  season.  This  available  total  N resulted 
from  both  organic  N mineralization  from  organic  amendments  or  soil  and 
included  that  supplied  in  the  fertilizer.  The  decreases  in  soil 
available  N with  time  was  due  to  plant  uptake  and  possibly  to  losses 
through  leaching  and  denitrification.  This  decrease  varied  with 
treatment.  Amendment  sources  that  produced  the  highest  yields  (SS  and 
PM)  also  generated  much  more  available  total  N than  did  FP,  CM  and  FO  in 

1982  or  BC  and  FO  in  1983*  These  differences  observed  among  amendment 
sources  continued  for  soil  samples  taken  in  the  cucumber  experiment. 

From  the  above  data,  the  evidence  was  that  the  available  total  N should 
account  for  corresponding  differences  in  yields  observed  among  amendment 
sources  for  both  tomato  and  cucumber  crops. 

In  both  years,  as  the  fertilizer  level  was  increased,  the  available 
total  N in  soil  increased.  However,  the  tomato  and  cucumber  yields  were 
not  necessarily  increased  by  increased  fertilizer  level.  Some  cases  in 

1983  showed  that  yield  decreased  with  increase  in  fertilizer.  These 
variations  in  yield  responses  did  not  provide  a clear  definition  for  the 
productivity  of  amendment— treated  soil  as  affected  by  fertilizer  appli- 
cation rate.  Magdoff  and  Amadon  (1980)  pointed  out  that  highest  corn 
yields  were  produced  by  combining  44  Mg. ha”**  manure  and  224  kg  N.ha”**. 
However,  Gill  and  Meelu  (1982)  observed  that  12  Mg. ha”**  of  manure  could 
be  substituted  for  40  kg  N as  inorganic  fertilizer.  According  to  these 
results  and  many  other  in  the  literature,  the  response  of  crops  to 
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amendment  sources  was  associated  with  inorganic  fertilizer  level  and 
depended  upon  many  factors  such  as  soil  type,  amendment  characteristics 
and  climate.  Consequently,  it  is  difficult  to  use  published  data  from 
other  soils  to  solve  a local  problem.  Hence,  experimentation  on  the 
soil  and  local  source  of  amendments  would  be  necessary  before  proceeding 
to  a general  recommendation  on  use  of  amendments.  This  process  would 
require  the  necessary  input  of  amendment  N and  heavy  metal  content  in 
decisions  about  use  of  such  sources  for  vegetables. 

Nitrate  pollution  of  surface  or  ground  water  is  one  of  the  major 
concerns  when  organic  amendments  are  applied  in  soil.  In  this  study, 
the  level  of  NO^— N increased  with  increase  in  the  amendment  rate  in 
combination  with  fertilizer  level.  However,  NO^-N  concentration  was  not 
determined  deeply  enough  through  the  soil  profile  in  order  to  determine 
if  contamination  of  the  ground  water  occurred.  According  to  Mathers  et 
al.  (1972;  1975)  and  Mathers  and  Stewart  (1971 ),  in  a series  of 
experiments  where  varying  rates  of  manure  were  applied  to  soil,  manure 
applications  up  to  22  Mg.ha”"^  supplied  enough  N for  growing  corn  or 
sorghum  without  excess  of  NO^-N  in  the  soil  profile.  High  rates  caused 
NO^-N  accumulation  of  as  much  as  1,200  kg  of  NO^-N  in  180  cm  of  soil 

—."I 

when  224  Mg.ha“  of  manure  were  applied.  Long  et  al.  (1975)  and  Doss  et 
al.  (1976)  pointed  out  that,  in  the  humid  southeastern  U.S.,  application 
of  45  Mg. ha"'’ .year"''  of  manure  can  be  utilized  safely.  However,  Jackson 
et  al.  (1977)  stated  that  rates  of  22.4  Mg. ha"”'  of  manure  applied  semi- 
annually were  excessive  from  the  standpoint  of  potential  losses  of  a 
valuable  N resource  for  crop  production.  Considering  that  the  high  rate 
amendments  applied  in  this  study  was  not  excessive  (based  on 
data  presented  above),  leaching  of  nutrients  from  amendments  was 
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protected  further  from  leaching  by  plastic  mulch  and  by  the  practice  of 
double  cropping.  Other  workers  (King  and  Morris,  1972;  Hook  and  Kardos, 
1977)  concluded  that  minimal  pollution  of  ground  water  should  be 
expected  where  good  soil  management  is  practiced. 

In  both  years,  for  all  treatments,  extracted  NH^-N  concentration  by 
1 KCl  showed  a decrease  during  the  tomato  cropping  season.  This 
decrease  was  more  distinct  from  the  first  to  second  soil  sampling. 
However,  between  years,  the  magnitude  of  this  decrease  was  different. 
These  observed  differences  should  be  due  mainly  to  different  patterns  of 
mineralization  than  to  plant  uptake,  because  at  the  time  of  the  second 
soil  sampling,  tomato  plants  were  too  small  to  account  for  this  large 
decrease.  In  both  years,  as  observed  for  NO^— N and  available  total  N, 
highest  extractable  NH^-N  during  tomato  season  were  observed  for  PM  and 
SS. 

In  1982,  data  from  analysis  indicated  that  when  PM  and  S3  were 
applied,  much  more  extractable  NH^-N  in  the  soil  was  derived  from  other 
sources  (amendment  itself  or  from  soil)  than  from  the  fertilizer.  This 
obviously  was  due  to  the  higher  dilution  of  fertilizer  N by  PM  and  S3  as 
compared  to  tl^t  by  FP,  CM  or  FO. 

3oil  Reaction,  Electroconductivity  and  Moisture 

Electrical  conductivity  values  decreased  during  the  growing  season 
in  both  years  and  were  significantly  affected  by  amendment  sources  and 
fertilizer  levels.  While  this  might  be  due  to  the  leaching  of  soluble 
salts,  it  was  more  likely  caused  by  uptake  by  plants.  3ewage  sludge  and 
PM  amendments  gave  the  highest  EC  values.  Liebhardt  and  3hortall  (1974) 
pointed  out  that  heavy  rates  of  PM  applied  to  sandy  Coastal  Plain  soils 
resulted  in  higher  EC  values  and  these  were  primarily  associated  with  a 
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high  concentration  of  K in  the  soil  solution.  In  this  study,  soil  EC 
values  for  the  1983  tomato  experiment  were  significnatly  correlated 
mainly  with  NH^-N,  NO^-N,  K and  Cl.  Tomato  or  cucumber  yields  in  this 
study  was  not  affected  apparently  by  electrical  conductivity  (soluble 
salts)  as  reported  by  Shortall  and  Liebhardt  (1975)  for  corn  and  Stewart 
and  Mathers  (1973)  for  sorghum.  However,  it  should  be  pointed  out  that 
the  highest  amendment  rate  utilized  in  this  study  was  much  lower  than 
rates  utilized  in  both  above  investigations. 

Another  point  suggesting  that  EC  did  not  affect  the  cucumber  and 
tomato  yields  in  thiis  experiment  was  the  fact  that  values  for  EC 
observed  during  the  cropping  season  were  lower  than  values  reported  by 
Black  (1968)  and  Bohn  et  al.  (1979)  which  affected  a decrease  in  yield 
of  cucumber  and  tomato  (EC  = 10  dS.rn"^  for  tomato  and  EC  = 4 dS.m"’’  for 
cucumber) . 

Values  for  soil  pH  observed  during  tomato  cropping  were  highest  in 
1983*  The  same  trend  was  observed  in  soil  samples  taken  at  the 
beginning  of  the  cucumber  season.  For  both  years  and  crops,  the 
addition  of  PM  and  SS  gave  higher  pH  values  than  did  FO  in  all  soil 
samplings.  This  result  was  consistent  with  previous  findings  by  Olsen 
et  al.  (1970),  Premi  and  Cornfield  (1971);  Lund  and  Doss  (1980);  Terry 
et  al.  (1981)  who  reported  increase  in  soil  pH  by  addition  of  manure  or 
sewage  sludge. 

In  this  study,  amendment  sources  that  resulted  in  highest  values  of 
soil  pH  had  highest  nitrification  rates.  Most  observations  generally 
indicate  an  arbitrary  lower  limit  for  nitrification  to  be  pH  4.0. 

Obvious  changes  in  nitrification  were  noted  with  pH  in  the  4 to  6 range 
whereas  pH- independent  nitrification  was  noted  in  the  range  6 to  8 
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(Weber  and  Gainey,  1962;  Chase  et  al.,  1968;  Sara the handra , 1978). 

Values  for  soil  pH  in  this  study,  especially  for  S3  and  PM,  were  in  the 
appropriate  range  for  nitrification.  As  mentioned  before,  these  two 
treatments  were  those  that  had  the  highest  NO^— N production. 

Organic  amendments  showed  a slight  tendency  to  hold  more  water  than 
did  inorganic  amendments.  However,  at  the  majority  of  soil  sampling 
dates,  no  statistical  difference  among  treatments  was  observed. 
Measurement  of  water  retention  curves  for  the  different  amended  soils 
was  not  made.  In  the  field,  water  use  by  the  crops  and  changes  in  soil 
physical  properties  related  with  water  should  be  responsible  for  soil 
water  variability  between  treatments.  Others  have  failed  to  find 
increase  in  water  retention  by  soil  amendments  (Epstein  et  al.,  1976; 
Gupta  et  al.,  1977;  Salter  et  al.,  1965). 

Carbon  Dioxide  Evolution 

In  both  years,  laboratory  studies  showed  that  cumulative  CO2-C 
evolution  was  quite  similar  at  the  end  of  incubation  period  for  PM,  S3 
and  FO  amendments.  However,  the  curve  shapes  for  each  amendment  were 
different  as  expected.  In  1982,  soil  samples  were  air-dried  before  the 
incubation  period  while,  in  1983,  field-moist  soil  samples  were 
utilized. 

In  1982,  CO2-C  evolved  from  the  soil  containing  amendments  ranked 
in  the  following  order;  PM  > 33  > FP  > CM  or  FO.  This  sequence 
partially  differed  from  that  observed  by  Rothwell  and  Hortenstine  (1969) 
in  which  33  > PM  > garbage  compost  > CM.  However,  other  researchers 
reported  that  rapidity  and  nature  of  decomposition  of  organic  residues 
under  aerobic  conditions  depended  primarily  upon  the  composition  of  the 
particular  organic  residue  (Tenney  and  Waksman,  1929;  Martin,  1933; 
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Castellanos  and  Pratt,  1981).  In  1983,  increase  in  the  amendment 
application  rate  increased  the  C02~C  evolution.  This  was  in  agreement 
with  work  by  Tester  et  al.  (1977). 

The  cumulative  CO2-C  evolution  can  be  related  with  rate  of  decom- 
position of  organic  material.  According  to  the  above  findings,  PM  used 
in  this  study  was  the  organic  amendment  that  showed  faster  decomposition 
and,  consequently,  more  release  of  nutrients  from  the  other  organic 
amendments  or  from  the  soil  itself. 

Soil  Organic  Matter  and  Cation  Exchange  Capacity 
Significant  differences  observed  among  treatments  in  1983  for  OM 
and  CEC  were  more  distinct  than  in  1982.  One  reason  for  this  was  that 
only  five  degrees  of  freedom  were  associated  with  the  error  term  in  1982 
treatments  compared  to  10  for  the  error  term  in  1983.  In  general,  when 
organic  amendments  were  utilized,  values  for  OM  were  higher  than  values 
observed  for  inorganic  amendments  (FO  in  1982  or  BC  and  FO  in  1983). 

The  CEC  in  both  years  was  increased  by  organic  treatments  as  might  be 
expected  from  increase  in  soil  OM.  Poultry  manure  and  SS  amendments  had 
the  highest  values  for  OM  and  CEC.  These  results  are  in  agreement  with 
previous  reports  (McIntosh  and  Varney,  1973;  Mathers  and  Stewart,  1974; 
Epstein  et  al.,  1975;  Meek  et  al.,  1982). 

Application  of  BC  did  not  improve  the  CEC  as  expected,  perhaps  due 
to  the  low  amount  of  this  amendment  utilized. 

Ion  Concentration  in  Soil  Water  and  Mehlich  I Extracts 
With  most  soil  tests,  ions  present  in  water  extracts  are  rarely 
determined,  the  exception  being  that  saturated  extracts  are  analyzed  in 
several  laboratories.  As  pointed  out  by  Mengel  and  Kirby  (1979),  the 
concentration  of  the  ions  species  in  the  soil  solution  (water-saturated 
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extract)  can  differ  widely  depending  on  the  soil  properties  and  soil 
moisture.  Fried  and  Shapiro  (1961)  observed  that  acid  soils  generally 
are  lower  in  ionic  concentration  than  more  neutral  soils  and  cited 
values  of  3-4»  1.9,  0.7,  0.007,  and  1.1  mMol  for  Ca,  Mg,  K,  P,  and  Cl, 
respectively,  for  water  extract  in  acid  soil.  These  values  are  much 
lower  than  those  values  found  in  this  study,  possibly  because  nutrients 
were  added  and  mulching  was  used  so  that  less  leaching  would  be 
expected.  However,  concentrations  of  nutrients  in  the  water  extract  in 
this  study  were  close  to  values  observed  by  Marlowe  and  Cornell  (1977) 
for  tomato  culture  in  Florida  and  Liebhardt  and  Shortall  (1974)  for 
sandy  Coastal  Plain  soils  when  poultry  manure  was  applied.  In  1982,  for 
all  amendment  sources,  soluble  nutrients  decreased  during  the  cropping 
season.  However,  in  1983,  these  nutrients  (except  Cl  which  decreased 
with  time)  had  much  more  fluctuations  during  the  season  depending  on 
which  treatment  was  used.  These  changes  and  fluctuations,  including 
variability,  must  be  considered  as  the  combined  result  of  the  supplying 
power  of  each  nutrient  by  the  soil  and  the  amendments  that  is  countered 
by  the  removal  of  nutrients  through  leaching  and  by  plant  uptake.  Such 
reactions  determine  the  nutrient  level  in  soil  solution.  In  both  years, 
there  were  also  large  differences  in  the  concentrations  of  monovalent 
and  divalent  cations  that  were  water  extractable,  which  was  partly 
indicative  of  the  relative  bonding  energy  of  divalent  compared  to 
monovalent  cations.  In  this  soil,  which  is  dominated  by  CEC  from 
organic  matter,  the  apparent  water  solubility  was  Ca^'^  < Mg^"*"  < NH^  < K'*' 
which  agrees,  partially,  with  a similar  relationship  between  cations 
found  by  Fiskell  et  al.  (1978)  for  pepper.  These  same  authors  suggested 
that  soluble  nutrient  composition  from  a 1:1  soil:water  mixture  can 


178 


supplemen't  soil  iest  data  obtained  by  the  Mehlich  I inethod>  particularly 
for  K"*"  and  NH^-N  analysis. 

Water-extractable  Ca^"^,  Mg^+,  k+,  and  NH^-N  concentrations  were,  as 
expected,  lower  than  those  obtained  with  Mehlich  I extract.  The  latter 
reagent  gave  values  for  Ca  and  Mg  approximately  20  and  8 times  higher, 
respectively,  than  those  by  water.  This  large  amount  of  Ca  and  Mg 
extracted  can  be  associated  with  exchangeable  Ca  and  Mg. 

For  each  amendment  source,  the  overall  cation  concentration  means 
taken  for  all  soil  sampling  dates  for  both  water  and  Mehlich  I extracts 
were  compared  in  order  to  establish  the  percentage  of  exchangeable 
cations  that  were  water  soluble.  For  soil  with  SS,  soluble  Ca^"^,  Mg^'^, 
K'*',  and  NH^-N  concentrations  were  5,  13,  63,  and  5Z%,  respectively,  of 
that  obtained  by  Mehlich  I extract.  For  soil  with  PM,  corresponding 
values  were  3,  11,  57,  and  45^«  When  BC  was  the  amendment, 
corresponding  above  nutrients  were  4,  17,  60,  and  55%  of  those  by 
Mehlich  I reagent.  Similarly  for  FO,  the  values  were  3,  8,  53,  and  55% 
those  by  the  Mehlich  I extract,  respectively.  These  data  clearly  showed 
that  K'*’  and  NH^-N  were  much  more  water  extractable  than  Ca^"*"  or  Mg^'*’  as 
mentioned  earlier. 

For  all  treatments  in  1983,  levels  of  Ca,  Mg,  K,  and  P extractable 
by  Mehlich  I reagent  were  in  the  adequate  range  to  plant  growth 
according  to  interpretations  followed  by  the  IFAS  Soil  Testing 
Laboratory  (Rhue  and  Kidder,  1984). 

The  use  of  Mehlich  I reagent  as  a soil  test  reagent  for  Cd,  Ni,  Zn, 
and  Mn  has  not  previously  received  attention.  Recently,  analysis  of  Mn, 
Zn,  and  Cu  was  done  by  IFAS  Soil  Testing  Laboratory  as  non-routine 
analysis.  Application  of  organic  amendments,  specially  sewage  sludge  in 
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the  soil,  requires  that  heavy  metals  be  monitored  due  to  the  potential 
for  accumulation  in  the  soil  and  possible  resultant  phytotoxicity  and 
metal  uptake  by  plants.  In  this  study,  soil  amendment  with  SS  had  much 
more  Cd,  Ni,  and  Zn  concentrations  in  Mehlich  I extract  ti^n  did  the 
other  three  amendment  sources.  These  data  were  in  agreement  with  other 
research  (Page  et  al.,  1972;  Baker  et  al.,  1975;  Jones  et  al.,  1975; 
Bingham  et  al.,  1979;  Valdares  et  al.,  1973)*  However,  concentrations 
of  those  three  nutrients  in  the  present  study  were  not  high  enough  to 
cause  phytotoxicity  to  plant  growth  according  to  the  above-cited 
researchers. 

Nutrient  uptake  in  leaf  and  fruit 

Undoubtedly,  plant  analysis  provides  an  available  tool  in  the 
determination  of  the  nutritional  status  of  various  crops.  In  contrast 
to  soil  analysis,  tissue  analysis  reflects  nutrient  uptake  conditions  of 
the  soil.  In  most  cases,  leaf  or  tissue  analytical  data  correlated 
fairly  well  with  soil  tests  (Hipp  and  Thomas,  1968).  In  both  years  of 
this  study,  for  tomato  and  cucumber  crops,  utilization  of  SS  and  PM 
increased  the  availability  of  both  macro-  and  micronutrients  in  the 
soil.  In  general,  leaf  and  fruit  samples  taken  from  plants  grown  with 
these  two  amendments  showed  higher  uptake  of  nutrients  than  did  plants 
grown  with  the  other  amendments.  This  is  in  agreement  with  Sabey  and 
Hart  (1975)  who  observed  that  a sludge  application  rate  of  25  Mg. ha”’’  or 
more  supplied  ample  nutrients  for  wheat  growth  under  low-yielding  field 
conditions.  King  and  Morris  (1972)  also  found  tl^t  uptake  of  P,  Ca,  Mn, 
Cu  and  Zn  by  rye  increased  with  application  of  sewage  sludge.  Other 
studies  (Coker,  1966;  Kardos  et  al.,  1977;  King  et  al.,  1976;  Touchton 
and  Boswell,  1975)  have  shown  that  organic  wastes  can  supply  adequate 
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amounts  of  macronutrients  for  crop  growth  and  that  tissue  concentration 
of  N,  P,  Ca,  and  Mg  tend  to  increase  with  the  loading  rate  of  waste. 

This  trend  was  observed  in  this  study  in  1983  when  two  amendment  rates 
were  used.  Also  in  this  study,  macro-  and  micronutrients  concentrations 
observed  in  leaf  and  fruit  tissue  for  all  treatments  were  apparently 
well  above  the  levels  in  tissue  showing  deficiency  symptoms  (Wallace, 
1961;  Chapman,  1966).  In  addition,  soil  amended  with  PM  or  SS  had 
concentrations  of  nutrient  in  leaf  and  fruit  of  tomato  and  cucumber  in 
the  adequate  range  for  plant  growth,  according  to  War  (196?)  and  Tanaka 
et  al.  (1974). 

In  1982  experiments,  ^^N-depleted  ammonium  sulfate  was  used  to 
determine  the  percentage  of  plant  N derived  from  the  fertilizer.  The 
percentage  of  tissue  N coming  from  fertilizer  N showed  an  inverse  trend 
to  that  observed  for  total  N in  tomato  leaf  and  fruit  (see  Figs.  4 
5).  Increase  in  total  N concentration  was  associated  with  a decrease  in 
percentage  of  N coming  from  fertilizer.  Under  SS  and  PM  treatments,  the 
percentage  of  leaf  and  fruit  N coming  from  fertilizer  was  lower  than 
those  found  for  other  treatments,  specially  for  FO.  Obviously  this  was 
due  to  the  higher  dilution  of  fertilizer  N when  SS  and  PM  were  utilized 
so  that  average  means  between  these  two  treatments  were  considered  in 
regard  to  the  percentage  of  N that  came  from  fertilizer.  These  means 
averaged  over  all  three  tomato  leaf  and  fruit  samplings  were  8.55?  and 
10.3%»  respectively.  When  FO  was  utilized,  the  percentage  of  N that 
came  from  fertilizer  was  34-4/^  in  leaf  and  33.15?  in  fruit.  Other 
studies  have  shown  the  above-ground  portion  of  corn  contained  15  to  68% 
fertilizer-derived  N (Broadbent  and  Carlton,  1978;  Olson,  1980).  In 
tissue  of  sugarbeet  storage  roots  plus  tops,  21  to  23%  of  the  N was 
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derived  from  that  added  in  fertilizer  (Hill  et  al.,  1981;  Hill  et  al., 
1978).  Broadbent  et  al.  (1980)  showed  tomato  contained  34^  of  N from 
fertilizer.  Fiskell  and  Locascio  (1983)  pointed  out  that  22  to  30%  of 
the  N in  tomato  plant  tops  came  from  fertilizer  N.  They  noted  that  the 
fruit  harvested  at  9»  11  and  13  weeks  after  initial  fertilization 
contained  72.5,  62.9  and  48.8%  of  the  N derived  from  fertilization. 

Percentage  of  N that  came  from  the  fertilizer  in  cucumber  tissue 
was  very  low  for  all  amendment  sources.  These  data  showed  that  very 
little  of  the  N applied  for  tomato  remained  for  cucumber  tissue. 

As  pointed  out  above,  the  concentration  of  micronutrients  (Zn,  Fe, 
Mn,  Cu)  in  leaf  and  fruit  of  tomato  and  cucumber  was  in  the  adequate 
range  for  plant  growth  without  any  visual  toxic  effect.  However,  when 
SS  was  applied,  concentration  of  these  nutrients,  including  Cd,  was 
higher  than  observed  for  other  amendment  treatments.  This  effect  was 
more  distinct  in  the  1983  experiment,  as  expected,  because  the  initial 
chemical  composition  of  the  SS  utilized  in  1983  was  much  higher  in  these 
nutrients  than  the  SS  used  in  1982. 

Numerous  non— edible  horticultural  crops  have  been  grown  success- 
fully in  soil  where  sewage  sludge  was  applied.  However,  in  the  produc- 
tion of  vegetable  crops,  specially  the  edible  portion,  consideration 
must  be  given  to  the  influence  of  sewage  sludge  on  both  metal 
accumulation  and  crop  yield.  The  term  "Soil-Plant  Barrier"  has  been 
used  to  describe  the  processes  by  which  the  human  food  chain  is 
protected  from  most  of  the  heavy  metals  found  in  sewage  sludge  (Chaney, 
I98O).  Insolubility  of  metals  in  soil  or  sludge  type  limits  root 
accumulation  of  Pb,  Cr,  Hg  and  Fe  (Chaney,  1980).  Phytotoxicity  from 
Zn,  Cu,  Ni,  Mn,  Co  and  B limits  the  impact  of  these  metals  on  the  food 
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chain  (Chaney  and  Giordano,  1977;  Foy  et  al.,  1978;  Chaney,  1980). 
However,  the  "Soil-Plant  Barrier"  does  not  provide  adequate  protection 
of  food-chain  plants  against  excess  Cd  accumulation  (Foy  et  al.,  1978; 
Chaney,  1980).  In  the  present  study,  mainly  in  1983,  the  concentration 
of  Cd  in  tomato  leaf  when  SS  was  used  was  higher  than  that  in  the 
reported  range  of  0.2-0. 8 mg. kg  , which  is  the  concentration  of  Cd 
typically  found  in  plants  (Allaway,  1968).  However,  tomato  fruit 
samples  from  these  treatments  had  Cd  concentration  much  lower  than  that 
observed  in  leaves.  These  results  are  in  agreement  with  previous 
reports  by  Dowdy  and  Larson  (1975)  which  investigated  the  extent  of 
sludge-borne  metal  accumulation  in  the  edible  tissue,  of  seven  vegetable 
crops.  They  reported  small  but  significant  increases  in  Cd  content  of 
edible  fruit,  tuber,  and  root  tissue  from  soil  amended  with  sludge. 
However,  metal  accumulation  was  much  greater  in  the  leaf  tissue. 

Giordano  et  al.  (1975)  also  found  that  higher  metal  levels  occurred  in 
vegetative  tissue  than  storage  tissue  for  different  vegetable  species. 

Field  experiments  have  shown  that  only  low-metal  sludges  or  sludge 
compost  can  be  used  safely  in  the  production  of  edible  crops  (Chaney  and 
Giordano,  1977).  The  Environmental  Protection  Agency  (1980)  recommends 
that  the  annual  application  of  Cd  from  waste  does  not  exceed  0.5  kg.ha””^ 
on  land  used  for  production  of  tobacco,  leafy  vegetables,  or  root  crops 
grown  for  human  consumption.  In  this  study,  the  Cd  concentration  in  the 
sewage  sludge  was  12  and  55  mg.kg“"^  in  1982  and  1983,  respectively. 
Consequently,  application  of  this  amendment  at  high  rate,  22.4  Mg.ha””*, 
was  equivalent  to  applying  0.53  and  2.46  kg. ha"''  of  Cd  in  soil  for  1982 
and  1983,  respectively.  Although  the  amount  of  Cd  applied  is  above  tlat 
recommended  by  EPA  (1980),  concentration  of  this  element  in  tomato  and 
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cucumber  fruit  was  nearly  that  of  median  Cd  values  in  different  food 
classes  (Hallenbeck,  1979). 


CONCLUSIONS 


In  both  years,  tomato  fruit  yields  in  size  categories  2 and  3 and 
for  total  fruit  yield  were  significantly  increased  by  incorporation  of 
organic  amendments  in  the  bed.  The  first  year,  fruit  yields  of  90  and 
100  Mg.ha""'  were  obtained  with  either  SS  or  PM  compared  to  70  Mg. ha””* 
with  FO  treatment.  This  was  attributed  to  substantially  higher  soil 
NO^-N  during  the  growing  season  from  these  amendments.  Soil  and  tissue 
N were  found  to  contain  much  less  N derived  from  the  *^^N-depleted 
ammonium  sulfate  than  from  either  the  soil  or  amendments  plus  soil. 

Even  through  the  full— bed  mulch  protected  the  fertilized  soil  from 
direct  contact  with  heavy  rainfall,  yet  when  water  stood  between  the 
beds  this  permitted  soluble  salts  to  move  during  drainage  of  the  beds 
and  middles. 

Residual  effect  of  SS  and  PM  had  an  outstanding  effect  on  cucumber 
fruit  yield  than  that  from  FP,  CM  or  FO  treatments.  This  indicated  that 
these  two  organic  amendments  were  mineralized  and  nitrate  produced  to  a 
much  greater  extent  than  for  soil  alone  or  with  FP  and  CM  amendments. 
Very  low  amounts  of  N in  cucumber  leaf  and  fruit  tissue  were  derived 
from  the  fertilizer.  This  confirmed  that  the  fertilizer  N had  been 
depleted  from  the  soil  by  plant  uptake,  possibly  by  denitrification  and 
during  loss  by  leaching.  The  CO2-C  evolved  from  SS  and  PM  amendment  of 
soil  was  greater  than  that  for  FP,  CM  or  FO  in  treated  soil.  This 
indicated  mineralization  of  organic  amendments;  these  data  on  C 
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evolution  might  also  be  assumed  to  be  similar  for  NH|-N  and  N0,-N 

4 J 

production  during  incubation.  This  process  of  available  N production  by 
PM  or  SS  was  evidently  sufficient  for  high  yields  of  tomato  and  cucumber 
nutrition  and  was  likely  to  exceed  that  from  mineralization  of  FP,  CM  or 
FO  amendment. 

The  second  year,  SS  and  PM  amendments  were  superior  to  BC  or  FO 
amendment  for  both  tomato  and  cucumber  fruit  production.  The  highest 
tomato  fruit  yields  were  131  and  118  Mg. ha”"*  observed  when  PM  at  11.2 
Mg. ha”"*  was  associated  with  1400  kg. ha”"*  of  fertilizer  and  SS  at  22.4 
Mg. ha  "*  was  associated  with  2800  kg.ha”^  of  fertilizer,  respectively. 

Early  cucumber  fruit  yield  ranged  from  11. 9 to  23  Mg.te”"*  and  final 
yield  from  21.8  to  41 .7  Mg.ha”"*.  The  highest  residual  effect  of 
amendments  was  obtained  for  PM  applied  at  22.4  Mg. ha”"*  associated  with 
2800  kg. ha  of  fertilizer.  However,  the  lowest  residual  effect  was 
observed  for  SS  at  11.2  Mg. ha”"*  without  application  of  fertilizer  for 
the  tomato  crop.  Application  of  liquid  fertilizer  (NK)  on  half  of  the 
plot  area  increased  the  early  and  final  cucumber  fruit  yield  only  by  1 .4 
to  2.0  Mg. ha  , respectively,  compared  to  the  half  without  further 
fertilizer  application. 

Available  N in  soil,  N content  in  tomato  and  cucumber  leaf,  and  in 
fruit  tissue  from  treatments  receiving  organic  amendments  (SS  and  PM) 
compared  favorably  with  soil  and  tissue  levels  of  N obtained  from 
inorganic  amendments.  Soil  pH,  EC,  OM  and  CEC  showed  some  tendency  to 
be  higher  when  organic  amendments  was  utilized  compared  to  that  for 
inorganic  amendments.  Cumulative  C02“*^  evolution  from  the  soil 
containing  amendments  ranked  PM  > SS  > BC  > FO. 
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Although  the  total  Cd  concentration  in  SS  applied  in  the  soil  in 
1983  was  55  pg.kg  , Cd  concentration  in  tomato  fruit  was  nearly  that  of 
published  median  Cd  values  in  different  food  classes.  With  SS,  the 
average  Cd  level  in  tomato  leaf  and  fruit  was  4.5  mg.kg”^  and  25.6 
Ug.kg  , respectively.  This  indicated  that  Cd  transport  into  the  tomato 
fruit  was  much  less  than  that  into  the  tomato  leaves. 

It  would  be  unlikely  that  organic  amendments  (SS  and  PM)  could  be 
used  to  supply  the  total  nutrient  requirements  of  crops,  because  of  the 
large  amounts  that  have  to  be  applied.  The  greatest  potential  value  of 
these  materials  for  tomato  and  subsequent  cucumber  crops  may  be  realized 
when  previous  composition  of  these  amendments  were  known  and  applied  in 
combination  with  appropriate  grade  of  inorganic  fertilizer  to  supply  the 
known  nutrient  requirements  of  the  crop. 


APPENDIX 


Table  A-1 . Profile  description  of  Mulat  sand.t 


LOCATION;  Alachua  County,  Florida;  Horticulture  Unit,  150'  east  of  main 
road,  0.75  mile  north  of  State  Road  232. 

PARENT  HATERIAL  AND  LAND  FORM;  Unconsolidated  marine  sediments. 

SLOPE  AND  ELEVATION;  Nearly  level  with  less  than  2.%  gradient;  approximately 
170' . 


DRAINAGE  AND  PERMEABILITY;  Poorly  drained;  rapid  in  A horizon  and  moderate  to 
moderately  rapid  in  B2tg  horizon. 


VEGETATION  AND  USE; 

HORIZON  DEPTH 
Ap  0.20  cm 

(0-8") 


A21  20-38  cm 

(8-15") 


A22  38-53  cm 

(15-21") 


B2tg  53-68  cm 
(21-27") 


B3g  68-1 1 7 cm 

(27-46") 


Cg  117-203  cm 

(46-80") 


Native  vegetation  and  cultivated  crops  including  pepper. 

DESCRIPTION 

Dark  gray  (10  YR  4/l")  sand;  weak  fine  granular;  very 
friable;  many  fine  roots;  medium  acid;  abrupt  smooth 
boundary.  2524. 

Grayish-brown  (10  YR  5/2)  sand;  few  weak  faint  brown 
mottles  in  upper  portion  of  horizon;  single  grain;  loose; 
medium  acid;  gradual  wavy  boundary.  2525. 

Grayish-brown  (10  YR  5/2)  sand;  few  medium  faint  light 
brownish-gray  and  few  medium  distinct  brownish-yellow 
mottles;  approximately  2%  nodules  of  soft  ironstone  and 
phosphate  fragments  2-35  mm  in  size;  single  grain;  loose; 
medium  acid;  abrupt  wavy  boundary.  2526. 

Light  brownish-gray  (10  YR  6/2)  sandy  loam;  many  medium 
and  coarse  prominent  yellowish-red  mottles;  weak  medium 
subangular  blocky;  friable;  medium  acid;  clear  wavy 
boundary.  2527. 

Gray  (10  YR  6/l)  loamy  sand;  moderate  medium  granular; 
very  friable;  very  strongly  acid;  phosphate  pebbles  in 
lower  portion  of  horizon;  clear  wavy  boundary.  2528. 

Light  gray  (10  YR  7/l)  sand;  many  medium  and  coarse 
distinct  white  mottles  and  pebbles;  single  grain; 
loose,  very  strongly  acid.  2529. 


REMARKS;  Some  phosphatic  pebbles  crush  with  heavy  finger  pressiore.  Soil  would 
be  in  Arenic  subgroup  if  it  were  in  Soil  Taxonomy. 


+ Carlisle,  W.V.  et  al.  (1981). 
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Table  A-3.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer  level  on  forms  of  soil  N 
extracted  at  four  dates  after  application  of  treatments.  Tomato  experiment,  1982. 
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191 


Table  A-4.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer 
level  for  soil  pH,  EC  and  soil  moisture  at  four  dates  after 
application  of  treatments.  Tomato  experiment,  1982. 


Soiirce  of 
variation 

df 

pH 

EC 

Moisture 

pH 

EC 

Moisture 

7 days" 

40  days" 

Blocks 

3 

0.45*** 

0.62 

4790.8** 

0.50** 

0.41 

1240.1** 

Amendment  (A) 

4 

1.51*** 

16.01***1061 .0 

0.68***11 .01*** 

345.2 

Fertilizer  level 

(F) 

1 

0.01 

3.84** 

95.7 

0.02 

1.82** 

1.4 

AxF 

4 

0.08 

0.63 

617.7 

0.03 

0.40 

279.1 

Error 

27 

0.05 

0.34 

1184. 4 

0.08 

0.30 

245.2 

70  days" 

110  days" 

Blocks 

3 

0.1 

0.41 

1240.1*** 

0.35*** 

2.01** 

1378.1** 

Amendment  (A) 

4 

0.24** 

11.01***  345.2 

0.19** 

2.81*** 

596.1* 

Fertilizer  level 

(F) 

1 

0.12 

1.81 

1.2 

0.10 

0.10 

7.2 

AxF 

4 

0.05 

0.42 

279.0 

0.05 

0.31 

205.1 

Error 

27 

0.04 

0.31 

245.0 

0.04 

0.32 

214.2 

*,  **,  value  significant  at  the  5%,  '[%  and  Q.^%  level,  respectively. 

EC  = Electrical  conductivity. 

^Days  after  application  of  treatments. 


Table  A-5.  Analysis  of  variance  and  main  effect  of  amendment  and  fertilizer  level  on  cumulative  CO 
evolution.  Tomato  experiment,  1982. 
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Table  A-6.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer 
level  on  Ca,  Mg,  K,  P and  Cl  concentration  in  soil  water  extract 
at  four  dates  after  application  of  treatments.  Tomato  experiment, 
1982. 


Source  of 
variation 

df 

Ca 

Mg 

K 

D 

Cl 

7 days  after  application 

of  treatments 

Blocks 

3 

19372.5** 

158.0 

262.0 

0.171**20900.1** 

Amendment  (A) 

4 

16023.1** 

3408.1*** 

14101 .8**^ 

• 0.091 

45196.2*** 

Fertilizer  level 

(F) 

1 

4792.4 

80.1 

2402.5** 

0.007 

640.0 

AxF 

4 

3677.6 

20.3 

501.5 

0.003 

1521 .2 

Error 

27 

3362.2 

217.3 

442.6 

0.040 

3694.4 

40  days  after  application 

of  treatments 

Blocks 

3 

4454.1* 

377.2* 

1050.7 

0.34***  4127.0 

Amendment  (A) 

4 

37742.1*** 

4620.6*** 

8026.1*** 

0.18***52639.7*** 

Fertilizer  level 

(F) 

1 

10925.2** 

15.6 

2052.1 

0.03 

2146.2 

AxF 

4 

431.2 

40.8 

2387.8 

0.01 

1058.7 

Error 

27 

1082.8 

88.3 

848.4 

0.03 

3294.6 

70  days  after  application 

of  treatments 

Blocks 

3 

22786.4*** 

33.1 

3756.2* 

0.4'\***  8I5I.3** 

Amendment  (A) 

4 

10112.1*** 

3671.2*** 

11502.1*** 

0.20***  7318.4** 

Fertilizer  level 

(F) 

1 

489.5 

21 .4 

4083.2 

0.03 

2295.5 

AxF 

4 

629.2 

144.4 

49.4 

0.05 

707.2 

Error 

27 

1642.0 

49.2 

II64.I 

0.04 

1596.1 

110  days  after  application 

of  treatments 

Blocks 

3 

639.5 

486.7** 

639.5 

0.10** 

4457.6* 

Amendment  (A) 

4 

7844.5*** 

6271 .2*** 

7844.5*** 

0.17***10128.7*** 

Fertilizer  level 

(F) 

1 

9021.1*** 

40.2 

9021 .1*** 

0.14** 

330.6 

AxF 

4 

880.7 

57.3 

880.7 

0.02 

40.0 

Error 

27 

610.9 

95.4 

610.9 

0.02 

14I8.4 

value  significant  at  the  3%,  and  0.1%  levels,  respectively. 
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Table  A-7.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer 
level  on  tissue  N concentration  and  N from  fertilizer  for  tomato 
leaf  and  fruit  at  three  dates  after  transplant.  Tomato 
experiment,  1982. 


Source  of 
variation 

df 

Total  N 

N from 
fertilizer 

Total  N 

N from 
fertilizer 

Leaf 

Fruit 

41  days  after  transplant 

63  days  after  transplant 

Blocks 

3 

21 .4 

46.3** 

9.7* 

2.5 

Amendment  (A) 

4 

30.1*** 

198.1*** 

54.6** 

32.3*** 

Fert.  level  (F) 

1 

94.8* 

143.0*** 

11.9* 

15.3* 

AxF 

4 

16.3 

8.3 

2.2 

1 .0 

Error 

27 

25.9 

9.0 

2.6 

2.9 

63  days  after  transplant 

85  days  after  transplant 

Blocks 

3 

31.8* 

5.8* 

2.0 

7.8 

Amendment  (A) 

4 

545.5*** 

36.2*** 

11.1* 

28.3** 

Fert.  level  (F) 

1 

150.5^* 

105.4*** 

29.1** 

29.3* 

AxF 

4 

7.4 

4.0 

8.2 

7.1 

Error 

27 

10.4 

1.5 

3.1 

5.1 

93  days  after  transplant  IO6  days  after  transplant 

Blocks 

3 

42.2 

8.2** 

52.0** 

8.4* 

Amendment  (A) 

4 

489.1*** 

13.3*** 

55.1*** 

53.9*** 

Fert.  level  (F) 

1 

93.3* 

38.6*** 

11.1 

20.5** 

AxF 

4 

14.7 

0.2 

3.2 

2.7 

Error 

27 

14.7 

1.2 

4.7 

1.9 

*,  **,  ***F  value  significant  at  the  and  0.1^6  levels,  respectively 


Table  A-8.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer  level  on  Cd,  Mn,  Zn,  Fe,  A1  ai 
Cu  concentration  of  tomato  leaf  and  fruit  at  three  dates  after  transplant.  Tomato  experiment 
1982. 
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value  significant  at  the  5%>  1%  and  0.1%  levels,  respectively. 

At  63,  83  and  106  days  for  Cd  amendment,  fert.  level  and  interaction  between  them  were  not  significant. 
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Table  A-9.  Analysis  of  variance  for  the  effect  of  amendment  and  fertilizer 

levels  on  total  N and  proportion  of  the  total  N from  fertilizer  on 
leaf  and  fruit.  Cucumber  experiment,  1982. 


Source  of 

Leaf 

Fruit 

N from 

N from 

variation 

df 

Total  N fertilizer 

Total  N fertilizer 

square  

40  days' 

64  days“ 

Block 

3 

10.1 

0.46 

2.0  0.51 

Amendment  (A) 

4 

262.1*** 

1 .67*** 

215.5***  1.85*** 

Fertilizer  level  (F) 

1 

24.0 

1.12* 

0.0  2.98*** 

A X F 

4 

1 .0 

0.37 

2.4  0.32 

Error 

27 

7.5 

0.19 

5.4  0.13 

'‘Days  after  transplanting. 

value  significant  at  the  0.^%  level. 
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Table  A-10.  Analysis  of  variance  for  the  effect  of  21  treatments  on  tomato 
fruit  yield.  Tomato  experiment,  1983. 


Fruit  yield  (Mg.ha””*) 

Source  of 

Size  category 

variation 

df 

1 

ro 

C\J 

1 

Total 

Mean  square 

Block 

2 

570.7* 

152.4 

12.4 

4.1 

1432.2* 

Treatment 

20 

144.3 

142.6** 

51 .2*** 

4.7*** 

781 .4* 

Error 

40 

140.9 

56.3 

13.6 

1.7 

423.0 

Contrast'*’ 

FO-L 

Inorganic  amendment 

1 

79.8 

52.0 

103.2** 

13.2** 

146.1 

FO-Q 

1 

116.6 

24.8 

22.0 

2.3 

485.1 

BC-R 

1 

74.8 

231.6* 

12.9 

0.0 

726.3 

BC-FL 

1 

25.4 

54.1 

1.1 

2.0 

222.1 

BC-FQ 

1 

72.1 

1 .8 

6.5 

0.0 

155.6 

BC-RxFL 

1 

36.6 

11 .8 

0.7 

0.5 

8.2 

BC-RxFQ 

1 

49.90 

0.9 

0.9 

3.7 

26.0 

Organic  amendment 

SS-R 

1 

19.1 

104.7 

44.5 

3.0 

530.1 

SS-FL 

1 

283.8 

144.3 

0.3 

0.0 

867.6 

SS-FQ 

1 

32.4 

102.0 

95.3** 

6.9* 

795.4 

SS-RxFL 

1 

1.1 

42.2 

36.8 

1.6 

163.0 

SS-RxFQ 

1 

18.0 

40.2 

20.8 

2.6 

281.0 

PM-R 

1 

230.8 

95.0 

207.7 

27.6*** 

202.2 

PM-FL 

1 

202.7 

65.0 

17.3 

5.4 

251.5 

PM-FQ 

1 

252.3 

81 .9 

8.2 

1.1 

830.8 

PM-RxFL 

1 

112.1 

230.5* 

58.1* 

9.4* 

1330.7 

PM-RxFQ 

1 

620.5 

629.2** 

80. 3* 

0.1 

3519.7** 

Amendment  comparisons 

FO  vs  BC 

1 

6.5 

10.8 

1.8 

0.2 

0.4 

SS  vs  PM 

1 

47.0 

166.9 

163.7** 

11 .9* 

1298.4 

OA  vs  lA 

1 

402.5 

666 . 6** 

140.4** 

2.1 

3504.7** 

**,  ***F  value  significant  at  the  5%,  and  0.1  $6  levels,  respectively. 
"*^See  Table  2 in  Material  and  Methods  for  abbreviations. 
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Table  A-11 . Analysis  of  variance  for  the  effect  of  amendment  sources  with 
two  fertilizer  levels  on  tomato  fruit  yield.  Tomato 
experiment,  1983. 


Source  of 
variation 

df 

Fruit 

yield  (Mg.ha”^) 

Size  category 

Total 

1 

2 

3 

4 

Blocks 

2 

722.3** 

333.0** 

56.0** 

8.0* 

2599.5** 

Amendment  (A) 

6 

108.5 

199.2** 

107.7*** 

11.0*** 

981 .7* 

Fert.  level  (F) 

1 

139.8 

6.8 

15.5 

3.6 

11.3 

A X F 

6 

238.3 

216.7** 

41 .5** 

1.9 

1346.3** 

Error 

26 

106.8 

49.2 

10.0 

1 .8 

342.4 

value  significant  at  the  5%,  1^  and  0.1%  levels,  respectively. 


Table  A-12.  Analysis  of  variance  for  the  effect  of  21  treatments  on  soil  N extracted  at  four  dates 
after  application  of  treatments.  Tomato  experiment,  1983. 
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See  Table  2 in  Material  and  Methods  for 
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Table  A-I4.  Significant  contrast  mean  square  for  soil  pH  and  EC  at  four 
dates  after  application  of  treatments.  Tomato  experiment, 
1983. 


Contrast'*' 


pH EC 

Days  after  application  of  treatments 

df  19  48  80  iTi  ?9  48  80  vH 


Mean  square 


Inorganic  amendment 


FO-L 

1 

***  *** 

*** 

*** 

FO-Q 

1 

* 

*** 

BC-R 

1 

* 

BC-FL 

1 

* * 

***  *** 

*** 

*** 

BC-FQ 

1 

BC-RxFL 

1 

BC-RxFQ 

1 

Organic 

amendment 

SS-R 

1 

* 

* 

* 

SS-FL 

1 

**  * 

***  *** 

*** 

*** 

SS-FQ 

1 

** 

** 

SS-RxFL 

1 

SS-RxFQ 

1 

** 

PM-R 

1 

** 

** 

PM-FL 

1 

***  *** 

*** 

*** 

PM-FQ 

1 

PM-RxFL 

1 

PM-RxFQ 

1 

* 

Amendment 

comparisons 

FO  vs  BC 

1 

* 

* 

* 

SS  vs  PM 

1 

* 

* 

* ** 

*** 

OA  vs  lA 

1 

*** 

*** 

*** 

*** 

**,  ***  Fvalue  significant  at  the  5%,  1%  and  0.1%  levels,  respectively. 
'*’See  Table  2 in  Material  and  Methods  for  abbreviations. 


Table  A-15.  Analysis  of  variance  for  the  effect  of  amendment  sources  and  fertlizer  level  on 
soil  pH,  EC  and  moisture  when  fertilizer  at  I4OO  and  2800  kg.ha""*  were 
considered  at  four  dates  after  application  of  treatments.  Tomato  experiment, 
1983. 
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ignificant,  significant  at  the  5%,  1%  and  0.1%  levels,  respectively 
within  column  by  Duncan's  Multiple  Range  Test,  5%  level. 
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Table  A-1?.  Analysis  of  variance  for  the  effect  of  21  treatments  on  Ca,  Mg, 
K and  Cl  concentration  in  soil  water  extract  at  four  dates 
after  application  of  treatments.  Tomato  experiment,  1983. 


Soil  water  extract 

Source  of  variation  df  Ca  Mg  K Cl 


Mean  square  

19  days  after  application  of  treatment 


Block 

2 

53.5  1.4 

302.7 

2734.5*** 

Treatment 

20 

41063.9***  231.1*** 

12366.7*** 

6440.3*** 

Error 

40 

129.1  4.1 

4O8.8 

322.4 

Block 

48  days  after  application  of  treatment 

2 

426.1  113.9 

0.4 

420.1 

Treatment 

20 

9754.6***  843.3*** 

16203. 4*** 

3704.6*** 

Error 

40 

477.8  51.9 

95.5 

203.3 

Block 

80  days  after  application  of  treatment^ 

2 

82.4 

8576.5*** 

20.6 

Treatment 

20 

474.8*** 

19704.8*** 

2785.6*** 

Error 

40 

81.0 

908. 4 

126.3 

Block 

111  days  after  application  of  treatment 

2 

1256.6  25.4 

234.1 

217.4 

Treatment 

20 

6367.2***  312.4*** 

2004.5*** 

1216.3*** 

Error 

40 

577.1  53.1 

54.4 

114.7 

“At  80  days  Ca  concentration  was  not  determined, 
value  significant  at  0.1^  level. 


Table  A-18.  Significant  contrast  mean  square  for  Ca,  Mg,  K,  and  Cl  concentration  in  water  at  four  dates 
after  application  of  treatments.  Tomato  experiment,  1983. 
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Values  for  Ca  concentration  at  80  days  were  not  determined. 

***F  value  significant  at  the  5%,  1%  and  0.1^  levels,  respectively. 
tSee  Table  2 in  Material  and  Methods  for  abbreviations. 
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Table  A-I9.  Analysis  of  variance  for  the  effect  of  21  treatments  on 

macronutrient  concentrations  in  Mehlich  I soil  extract  at  four 
dates  after  application  of  treatments.  Tomato  experiment, 
1983. 


Mehlich  I extract 

Source  of  variation 

df 

Ca 

Mg  K 

P 

square  — 

Block 

19  days  after  application  of  treatment 

2 

274105 

573 

321 

50417*** 

Treatment 

20 

8014778*** 

8291*** 

60607*** 

10189 

Error 

40 

86402 

721 

3487 

Block 

48  days  after  application  of  treatment 

2 

23829 

309 

1126 

18151*** 

Treatment 

20 

501234*** 

11588*** 

56896*** 

6266*** 

Error 

40 

48005 

919 

2984 

1940 

Block 

80  days  after  application  of  treatment 

2 

254970** 

609 

1036 

62064*** 

Treatment 

20 

603766*** 

10328*** 

27428*** 

8779 

Error 

40 

45687 

818 

6614 

2714 

111  days  after  application  of  treatment 

Block 

2 

371813*** 

761 

6126 

14065* 

Treatment 

20 

296370*** 

7153*** 

14609 

7163** 

Error 

40 

43374 

1774 

1147 

2788 

*,  **,  ***F  value  significant  at  the  5^,  and  0.1%  levels,  respectively 
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■f  **,  ***F  value  significant  at  the  5^»  1%  and  0.1%  levels,  respectively 
See  Table  2 in  Material  and  Methods  for  abbreviations. 


Table  A-21 . Significant  contrast  mean  square  for  Cd,  Ni,  Mn,  Fe  and  Zn  concentration  in  Mehlich  I extract  at 
four  dates  after  application  of  treatments.  Tomato  experiment,  1983. 
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'»  **»  ***F  value  significant  at  the  5^,  1^  and  0.^%  levels,  respectively 
See  Table  20  in  Material  and  Methods  for  abbreviations. 


Table  A-22.  Analysis  of  variance  for  the  effect  of  21  treatments  on  macronutrient  concentrations  of 
tomato  leaf  at  three  dates  after  transplant.  Tomato  experiment,  1983» 
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Table  2 in  Material  and  Methods 
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Table  A-23.  Analysis  of  variance  for  the  effect  of  21  treatments  on 

micronutrients  and  Cd  on  leaf  analysis  at  three  dates  after 


transplant. 

Tomato 

experiment, 

1983. 

Source  of 

variation  df 

Cd 

Mn 

Fe 

Zn 

Cu 

Block 

41  days  after  application 

. of  treatment 

2 

5.0 

624.5** 

141.7 

163.6* 

0.03 

Treatment 

20 

18.2*** 

472.6*** 

1623. 7*** 

549.9*** 

0.27*** 

Error 

40 

1 .2 

90.2 

188.1 

50.2 

0.01 

Block 

63  days  after  application 

of  treatment 

2 

0.22 

8I4.9 

572.0* 

64.3 

0.042* 

Trea  tment 

20 

3.80***  891.4* 

119.7 

364.4*** 

0.16*** 

Error 

40 

0.13 

448.3 

98.8 

41.7 

0.009 

Block 

93  days  after  application 

of  treatment 

2 

1.10 

507.8 

132.2 

41.4 

0.02 

Treatment 

20 

16.26***  7040.2*** 

965.6*** 

128.4* 

0.18*** 

Error 

40 

0.46 

1263.5 

253.1 

59.6 

0.02 

*,  **,  value  significant  at  the  3%,  1%  and  0.1^  levels,  respectively. 


Table  A-24.  Significant  contrast  mean  square  for  micronutrients  and  Cd  concentration  in  leaf  at  four  dates 
after  transplant.  Tomato  experiment,  1983* 
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■»  **>  ***F  value  significant  at  the  5^,  1%  and  0.1^  levels,  respectively 
See  Table  2 in  Material  and  Methods  for  abbreviations. 


Table  A-25*  Analysis  of  variance  for  the  effect  of  amendment  sources,  amendment  rate  and  fertilizer 
level  on  macro-  and  micronutrient  concentrations  of  tomato  fruit  at  91  days  after 
transplant.  Tomato  experiment,  1983. 


212 


X) 

u 


3 

o 


c 

s 


to 

s 


Dj 


X) 


c 

o 

•H 

-P 

to 

•H 

o 

0) 

o 

u 

3 

o 

CO 


* 

* 

CM  0^ 

• • • 

m rA  o 

CM  m r- 
K\ 


♦ 

* 


* 

♦ 

* 

O 

CT\  IT\  CM 
O O 

• • • 

o o o 


* 

* 


CO 


CO 


CM  cr\  t>- 

T-  lOi  CM 


* 

* 

in  CM  cr> 
VO  CM  tn 

... 

O 'O-  o 


* 

* 

O T-  VO 

... 

CM  CM 


CM  O O 
t- 


* * 
* * 
* * 


* * 
* * 
* * 


* 

* 

* * 


1 

m 

tn 

in 

1 

o 

VO 

VO 

-P 

1 

• 

• 

• 

c 

CO 

n- 

CM 

0) 

o 

B 

S-i 

X) 

2 

C 

3 

(1) 

C7* 

* 

B 

to 

* 

3 

in 

in 

CM 

c 

o 

o 

O 

o 

3 

• 

• 

• 

<1) 

o 

o 

O 

C 

S 

3 

hO 

1 

P 

1 

O 

1 

c 

1 

H 

c 

CO 

hO 

O 


* 

* 


* 

* 

* 


* 

* 


ra 

c 

o 

tQ 

•H 

CO 

ft 

B 

O 

0 

-p 

c 

1 

xi 

c 

CD 

B 

«! 


* * 


* 

* 


* 

♦ 


* 

* 

* 


* 

* 

* 


* 

* 

* 


-p 

+ 

c 

+4 

o 

s 

< 

3 

m 

o 

J 

o 

J 

o 

pa 

ft 

M 

B 

3 

ft 

ft 

ft 

ft 

ft 

ft 

-P 

P 

p 

O’ 

X 

X 

J 

O' 

X 

X 

►J 

o 

X 

X 

3 

3 

3 

O 

3 

O 

-p 

j 

CSC 

03 

ft 

ft 

03 

03 

03 

ft 

ft 

03 

03 

1 

03 

ft 

ft 

03 

1 

03 

> 

> 

> 

O 

3 

^4 

c 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r^ 

P 

U 

o 

o 

o 

o 

CJ 

u 

o 

u 

CO 

CO 

CO 

CO 

CO 

s 

s 

s 

s 

s 

o 

CO 

<c! 

m 

H 

ft 

o 

ft 

ft 

oa 

PQ 

PO 

m 

pa 

CO 

CO 

CO 

CO 

CO 

cu 

ft 

ft 

ft 

ft 

ft 

CO 

O 

0) 

> 

•H 

-P 

O 

0) 

a 

to 

0 


to 

0) 

> 

0)  • 
I-H  to 
c 

^ o 

• +> 
O CO 
'H 
X)  > 
C Cl) 
CO  p 
„ 40 
^ 40 
CO 


m 

-p 

-p 

CO 

•p 

c 

CO 

o 

•p 

*p 

c 

bO 

*H 

CO 

CD 

3 

r-H 

? 

ft 

* 

* 

* 


* 

* 


* + 


See  Table  1 in  Material  and  Methods  for 
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Table  A-26.  Analysis  of  variance  for  the  residual  effect  of  the  21 

treatments  with  and  without  NK  application  on  average  fruit 
weight  and  fruit  yield  of  cucumber.  Cucumber  experiment,  1983. 


Source  of 

Average  fruit  weight 

Fruit  yield 

variation 

df 

Early  Final 

Early  Final 

Block 

2 

5462.9*** 

3481 .9*** 

58-9* 

167.9** 

Treatment  (T) 

20 

2373-9* 

787-4* 

66.1*** 

165.1*** 

Erro(a) 

40 

1023-1 

381 .0 

13.2 

28.2 

NK 

1 

55-6 

221  -6 

62.0* 

124.2** 

NK  X T 

20 

757-9 

346-4 

7.5 

8.8 

Erro ( b ) 

42 

451-1 

245-3 

5.1 

9.9 

Contra  sf*" 
FO-L 

1 

1749-3 

Inorganic  amendment 

159-3  54-8** 

63-2* 

FO-Q 

1 

765-6 

349-9 

0.0 

24.2 

BC-R 

1 

1703-7 

61 .0 

19.9 

156.8*** 

BC-FL 

1 

7-3 

102.7 

0.6 

4-6 

BC-FQ 

1 

1010.3 

238.2 

45.3** 

54.1* 

BC-RxFL 

1 

3140.3* 

457.1 

15.1 

53.1* 

BC-RxFQ 

1 

6.9 

213.1 

31.9 

42.4* 

SS-R 

1 

2075-3* 

Organic  amendment 
638.1 

44.1** 

213.2*** 

SS-FL 

1 

319-9 

902.2 

214.2*** 

325.8*** 

SS-FQ 

1 

870.3 

189-2 

114.3*** 

219.4*** 

SS-RxFL 

1 

773-3 

22.2 

4.7 

7.7 

SS-RxFQ 

1 

257-7 

622.5 

0.9 

13.9 

PM-R 

1 

0.2 

675-9 

91.9*** 

523.1*** 

PM-FL 

1 

111.2 

2.3 

94.9*** 

319.7*** 

PM-FQ 

1 

3731 -8** 

341.2 

14.7 

5.1 

PM-RxFL 

1 

0.0 

95.1 

137.5*** 

3.1 

PM-RxFQ 

1 

23-7 

129.3 

0.0 

45.3 

FO  vs  BC 

1 

Amendment  comparison 
17-2  0-2 

24.9*** 

21 .4*** 

SS  vs  PM 

1 

18290-9*** 

8886.3*** 

38.8*** 

56.7*** 

OA  vs  lA 

1 

12014.5*** 

1543.2*** 

33.0*** 

58-9*** 

** , ***F  value  significant  at  the  5^»  1^  and  0.1%  levels,  respectively. 
See  Table  2 in  Material  and  Methods  for  contrast  abbreviations. 


Table  A-27.  Analysis  of  variance  for  the  residual  effect  of  21  treatments  on  soil  N,  K and  EC  at  three  days 
after  cucumber  seeding.  Cucumber  experiment,  1983. 
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p 

CO 

o 

o 

x> 

c 

X) 

c 

03 


* 

* 


* 

* 

* 


* 

* 

* * 


* * * 
* * * 
* * * * 


* 

* 

* 


-p 

+ 

c 

+> 

o 

a 

< 

<13 

CO 

XI 

O 

J 

o 

XI 

o 

OQ 

fa 
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CO 

fa 

fa 

fa 

fa 

+> 

P 

p 

J 

O 

X 

X 

XI 

o 

X 

X 

XI 

o 

X 

X 

03 

03 

03 

o 

CO 

o 

x> 

►4 

O’ 

PS 

Pm 

os 

OS 

os 

fa 

fa 

OS 

OS 

OS 

fa 

fa 

os 

os 

> 

> 

> 

o 

(13 

P 

c 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

rH 

P 

P 

o 

o 

o 

o 

to 

o 

u 

t_3 

CO 

CO 

CO 

CO 

CO 

a 

a 

a 

a 

a 

O 

CO 

«S 

CP 

H 

w 

o 

fn 

PQ 

P3 

CQ 

OQ 

m 

CO 

CO 

CO 

CO 

CO 

fa 

fa 

fa 

fa 

fa 

fa 

CO 

o 

♦ + 


***F  value  significant  at  the  5%,  1%  and  0.1^  levels,  respectively 
See  Table  2 in  Material  and  Methods  for  abbreviations. 
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Table  A-28.  Effect  of  21  residual  treatments  on  mean  soil  nutrients  in 
water  and  Mehlich  I extract  at  three  days  after  cucumber 
seeding.  Cucumber  experiment,  1983. 


Amendment'*’ 

Fert. 

level 

Water  extract 

Mehlich 

I extract 

Source  Rate 

Ca 

Mg 

Cl 

Ca 

Mg 

P 

■ “ " 

-1 

Inorganic  amendment 

1400 

27 

11 

27 

2166 

234 

204 

FO 

2800 

51 

10 

16 

1568 

182 

345 

4200 

35 

17 

36 

1740 

160 

275 

1400 

49 

16 

60 

1440 

137 

282 

BC 

2800 

50 

10 

14 

1502 

139 

289 

4200 

85 

20 

59 

1777 

182 

230 

1400 

47 

13 

27 

2055 

227 

197 

BC 

2800 

48 

13 

16 

1650 

199 

173 

4200 

43 

10 

40 

2096 

191 

243 

Organic  amendment 


SS 

0 

35 

14 

18 

1496 

187 

277 

1400 

51 

15 

17 

1312 

180 

234 

2800 

41 

17 

18 

1305 

214 

259 

0 

87 

41 

25 

2245 

380 

175 

SS 

1400 

101 

35 

42 

1887 

319 

287 

2800 

128 

20 

33 

1667 

297 

270 

0 

47 

14 

13 

2137 

195 

278 

PM 

1400 

78 

17 

35 

2133 

189 

313 

2800 

55 

13 

31 

1366 

207 

226 

0 

41 

10 

19 

2186 

245 

335 

PM 

1400 

46 

11 

32 

1725 

202 

252 

2800 

135 

27 

30 

2242 

184 

281 

'^’See  Table  20  for  abbreviations. 
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Table  A-29-  Means  for  the  main  residual  effect  of  21  treatments  on  leaf 
macronutrient  concentration  at  two  dates  after  cucumber 
seeding.  Cucumber  experiment,  1983. 


Amendment'*' 

Fert. 

level 

Leaf 

Source  Rate 

Ca 

Mg 

P 

Ca 

Mg 

P 

Mg.  ha"”' 

kg. ha"”' 

1 

22  days^ 

47  days“ 

1400 

25.3 

12.2 

3.6 

22.5 

8.2 

2.9 

FO 

2800 

23.6 

11  .3 

3.5 

23.4 

7.0 

2.8 

4200 

26.1 

9.5 

3.6 

18.2 

5.7 

2.6 

1 .12 

1400 

21 .6 

9.3 

3.5 

15.5 

6.7 

1.6 

BC 

1.12 

2800 

22.1 

8.3 

3.7 

18.6 

6.6 

2.2 

1 .12 

4200 

21 .8 

8.6 

3.6 

19.4 

6.7 

2.6 

2.24 

1400 

17.4 

8.8 

3.1 

15.7 

7.3 

2.3 

BC 

2.24 

2800 

18. 7 

8.0 

3.7 

18.3 

7.3 

2.6 

2.24 

4200 

17.1 

7.6 

3.8 

19.6 

7.1 

2.8 

11  .2 

0 

17.9 

17.4 

3.5 

26.5 

14.7 

2.8 

ss 

11.2 

1400 

17.2 

14.5 

4.0 

25.7 

12.5 

3.1 

11.2 

2800 

21  .7 

18.2 

3.9 

21 .9 

15.1 

3.1 

22.4 

0 

24.5 

13.7 

3.5 

17.7 

13.1 

2.5 

ss 

22.4 

1400 

23.4 

13.1 

3.7 

22.2 

15.9 

2.6 

22.4 

2800 

26.5 

15.1 

3.7 

27.6 

16.2 

2.6 

11 .2 

0 

23.8 

11 .5 

3.3 

19.6 

8.1 

3.4 

PM 

11.2 

1400 

24.4 

11.6 

3.6 

21 .6 

9.1 

2.5 

11.2 

2800 

25.4 

9.1 

3.4 

26.9 

7.0 

3.0 

22.4 

0 

19.7 

9.2 

3.1 

21.2 

7.9 

3.0 

PM 

22.4 

1400 

15.3 

7.8 

3.9 

18.1 

7.0 

2.9 

22.4 

2800 

23.1 

9.9 

3.6 

17.6 

7.2 

3.2 

"‘Days  after  seeding. 

"*'See  Table  20  for  abbreviations. 


Table  A-30.  Means  for  the  main  residual  effect  of  21  treatments  on  leaf  micronutrient  concentrations  at  two 
dates  after  cucumber  seeding.  Cucumber  experiment,  1983. 
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T-  T-  T-  CM  CM  CM 

-p 

ce 

bO 

T-  T-  V-  CM  CM  CM 
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Days  after  seeding. 

See  Table  20  for  abbreviations 
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Table  A-31 . Analysis  of  variance  for  the  residual  effect  of  21  treatments 

with  or  without  NK  application  on  N and  K concentration  of  leaf 
at  two  dates  after  cucumber  seeding.  Cucumber  experiment. 

1982. 


Leaf 

Source  of  variation 

df 

N 

K 

N 

K 

Block 

22  days*  47  days'' 

2 

10.9  124.3***  12.4*^ 

258.4* 

Treatment  (T) 
Erro(a) 

20 

35.4*  52.3***  91.3*** 

294.9*** 

40 

10.4  9.5  11.5 

60.1 

NK 

1 

318.5*  477.4***  0.3 

297.9** 

NKxT 

20 

15.1  249.7  11.9 

25.1 

Erro ( b ) 

42 

16.2  13.5  6.2 

37.9 

Contrast'*’ 

FO-L 

1 

Inorganic  amendment 
** 

FO-FQ 

1 

BC-R 

1 

**  ** 

*** 

BC-FL 

1 

** 

BC-FQ 

1 

BC-RxFL 

1 

BC-RxFQ 

1 

SS-R 

1 

Organic  amendment 
***  ** 

*** 

SS-FL 

1 

** 

** 

SS-FQ 

1 

* 

SS-RxFL 

1 

**  * 

SS-RxFQ 

1 

*** 

PM-R 

1 

***  *** 

PM-FL 

1 

***  *** 

PM-FQ 

1 

PM-RxFL 

1 

**  * ** 

PM-RxFQ 

1 

FO  vs  BC 

1 

Amendment  comparisons 

SS  vs  PM 

1 

***  ***  *** 

*** 

OA  vs  lA 

1 

*** 

** 

‘'Days  after  seeding. 

*»  **»  ***F  value  significant  at  the  5%»  1%  and  0.1^  levels,  respectively. 
See  Table  2 in  Material  and  Methods  for  abbreviations. 


Table  A-32.  Means  for  the  main  residual  effect  of  21  treatments  on  fruit  macro-  and  micronutrients 
concentrations.  Cucumber  experiment,  1983. 
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See  Table  20  for  abbreviations 
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Table  A-33.  Analysis  of  variance  for  the  residual  effect  on  fruit  N and  K 
of  21  treatments  with  or  without  application  of  N and  K. 
Cuciimber  experiment,  1983. 


Fruit 

Source  of  variation 

df 

N 

K 

Block 

Treatment  (T) 
Erro(a) 

NK 

NKxT 
Erro ( b ) 

2 

20 

40 

1 

20 

42 

-NK 

4.0 

205.2*** 

5.4 

5.7 

13.1** 

4.9 

+NK  -NK 

8.4 

102.9*** 

24.8 

1.9 

56.7* 

28.0 

+NK 

Contrast 

Inorganic  amendment 

FO-L 

1 

* 

FO-FQ 

1 

BC-R 

1 

* 

* 

*** 

BC-FL 

1 

* 

** 

BC-FQ 

1 

V-  V 

A A A 

BC-RxFL 

1 

BC-RxFQ 

1 

Organic  amendment 

SS-R 

1 

* 

SS-FL 

1 

** 

*** 

SS-FQ 

1 

SS-RxFL 

1 

*** 

SS-RxFQ 

1 

PM-R 

1 

*** 

PM-FL 

1 

PM-FQ 

1 

* 

PM-RxFL 

1 

PM-RxFQ 

1 

Amendment  comparisons 

FO  vs  BC 

1 

* 

* 

*** 

SS  vs  PM 

1 

*** 

* ** 

** 

OA  vs  lA 

1 

*** 

*** 

* 

*f  ** t ***F  value  significant  at  the  5^,  1^  and  0.1/6  levels,  respectively. 

^See  Table  2 in  Material  and  Methods  for  abbreviations. 
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